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(54) SPOXY msm COMPOSmONS fob FfBER-BEINFOeCED COMPOSITE MklEHU 

FHOCESS FOR PFlODUCTSOr^ OF THE MATERIALS AND FlBEB-REiNFORCEO COl^POSITE 



(57) The pressrit invernisn rsiates to an spoxy rssirs composition for 

th& foiiovving conponente (1) - (3; as essentia! ccmponsnts, tnsir rriixing ratios 
(iV), and coniponsnt (3) seing dissolved non^ogenooLisiy: 



confipesite materiai cofrtprisihg 
fnesting the foilovsfing conditions (S) - 



compofient (1): esotv rssin tiia; is iiquiS at room iemperaiurs, 
componsni (2): a:-0!T.a;ic poiyamine thai is isqisid a- room temperature, 

componsn- (S): d;a:-n:nDdipi>e;!y:su;fone, 

consiiion {ij^ Tj-a prgpoftion of oosriponsnt (1) reiativs to trie entire spo>cy resin in ihe cornposifiGn ss 80- iOO 
corsditson (ii): Ths suni of She propoftsor^s of componente and (3) rotesive to ttle 0.';!ire poiye-rTsins irs the compo- 

siuon te 70-100wr%., 

conditfer! Thepropoftior: or componsfit (3) relative to she entire poiyarriine in the composition is 25-6D wt%, and 
condition (iV); Tho stoici^ionietrie ratio of the entirs poiyamine to the entire epojsy resin in ths composition is 0 J-1 .3 . 



Anotiisr erntsodirrseri- of ths invention rsiatss to an epoxy resin composition for fiber reinforoed composite materia! 
tiiSit oofjtains at ieast ths i'oiiowing ccmponsnts (-1) - {6), forms a cured prodiict with a theoreticai moiacuiar sveiglit 
betwsan crossisrsi<ing points in the rangs of 250-350 g/'moi, and has an initiai viscosity at SCC of 1-50G MPa-s: 

i&y. arsmatio spoxy rssirs withtri- or higher funotionality, 

(5) : arosTsaiio spoxy ?v5sirs with di- or higher and lower than tn-?unctiDnaiity, and 

(6) : aroiTsafe ociyaiviins, 

ths moisouiar wsight bstwaen crossiinking points baing defined ss the Vifeight of the entire oufBd spesy rssin 
divided by the nus-nber of cross;ln!<ing points contained in tha entire cured epoxy resin. The inveniion also relates 
to an apoxy r&sin con-iposition for fiber reinforced composite matsriai that consists of tiie fciiGwino comoonents 

(7) and (8): 
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R^ 




where fi'\ R2, r3 and R-^ de.fiots a f-ydrc-gsn atom, an aikyi group having carbon atoms, or s haiosen atom, 
and ■ixt, r, ds?K'^2 as jntegsr oi 1-4 and a rsai niimbsr of 0 or mora arsd iess than 1 , rsspsotivaiy, and 
(S) pajyarslne. 

With ths constitutbr- dcjscnfesd above, the present inveniiaf) can provide aJicjuid ^on' rasin cortpcsition for iow 
cost pn>ductton of high p0tttmwio6i-Wai^ t^i^t^iid'qanipds^ matsrial. that has a low viscosity at rsiativsiy iowtarr? - 
psratijfss, ariij that afler feeing cursd, the cUfixi product is nigh in glass transitiori tsrr!peratt.sr&, eiastsc moduius and 
tougi-sness white bsing siT.sii in th9 giass tempesature decrease caiised water absosption and atso smsli in ths 
cesfficfant of Hnsar expansion; and cars provicfe a insthod to js-oduce fiber reintdfced: cosVsposite msteriai therefrom. 

Fiber reinforced composits material produced accordirig ro the present invention can servs as maleriai fo;- parts 
0! aircraft, inciudij-ig rrisin wing, tali, rotor biads, faidng. cowi, and door; parts of spacecraft, incitiding stioior casse and 
n-iain wing; and parts of spms satsilits body strudMe, They can aiso be used prelersbiy as material for suto?Tiobiis 
chaissis and raiiro&d vehieie dady strtjctur©. 
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Description 

[00311 The pfi&ssnl; ijwaotten rsjiaiss to an epox^ rssiii corriposiSon tUsi is ussfui ?or procucSien, Dy- rssin transfer 
•Tioiding (RTM) iri panicLiiar, of high pertormance fiber reinforced composife rriatsriai: and also reraies to a n;i>y?n8 
?r!etrio<^ ihsf uses sasd r ssin ccmposiUon. 

Backgroursd srf 

[00S2| Fiber rein-orcGd ciXTppsite n^ateriass that consist of psinfpreifjg fibsr, such as giass fiber, o&raoo. fiber and 
srsmldfiber, and matrb: rssin, s«c-h as urisasuratsd poiyester rssin, vmylestsr rssin, sposy ressn, pbenoi resin, cj-anate 
sstsr rssin and sismaisimide m&in, are lightweight but high U- strength, rigidity, shock resistance, fatigue fesiijtanc© 
and other meahSsniciSi propertisis, in addition to tsaing high in corrosion resistance, and .accordingly, havs been used in 
aircfs^t, spsessrafi, Siitemobiiss, iBiir?>ad V6Sllcies,.:Ships, ^ ^nd msny csthsi^rna- 

tsriais in different f;sid$. ir? partieuiar; fiber rsinforesd cpiT}ps?s|tie materisis composKKi of confiresjts!.is fibor jsre gsnraraiiy 
ijssd to produce high pei-formancs producis, yvithcait!Dn. fi!3^rar4-th#rTpDseR rssin grnong cfthers, 

being frsqusrv^ly ussd as f«itor^hg Sber srsd matrijf rssis, respscti^ in & <md&h,' used process to praduca fiber 
rainfaresd ccsrnpbsits rrs^sriai f^st p<?nsists of contintious fiber and thermosetting fssin, preDrsgs oomsjosed si rein- 
forcing th&r mkiiocmiantmrm^snim i^sin are produced as tntermsdiate, fciiow&d hy their iay-iJi;; and hsat oumg.. 
"fhis process, howsvsr cSnt^ot bs; said to bs sxceiisnt in tsmts of cost because it r®q:uires produciion of prspr&gs as 
Intermedfate. CGfiip^r&dtoSii3,8productiontsejin!que 

nssin is iaiscfsd m g rmnfercjirtg fiber eabstrats leased in a mm, fsliowed by hest oaring to prodocse fiber rgsnJofced 
cor!?posite roatsfiai, Isas attracted nmch alienfson in recent years due to its high productsviiy irs rttsnufaofuring fiber 
reirsforcsd composla frsateriss, Rscsm r&parts on rssin t-ansfer moiding (i^Ifvlilnducfe SAMPS JcumaL Vol, 34, No. 
6, pp. 7- IS (1SS8); i-atsiy, this technicjiie is in wider use In production o? airorafi mstsriai and oth&r n-atsrials that raquire 
good propefties. An exan^pie is proposed if; SA^PS Journai, Vbi, 35, No.S, pp.58-83 {1939). 
imp] i n widely iinown RTiV! processes, thjei^nopiasti? rssln is iniected msm pressure urto s reinforcing f Ibsr sub- 
strm Piseed h a dosed mold, or s reinfpfcingifihsr spi;^t^^ in an open sr^cid is oovsrsd with a vscuur?) ba§, 
fofibwed tsy Suction for resin Injection, the latter process bsmg caiisd vacuun! assisted resin transfern^oiding (VaRiy ). 
Exarnpi^j^ di VsifS fl^t smpmmmm dosurtients Siich as. US4902215A, iJS4S42013A, and WO01/41S83A2. it is rs- 
poiied thsit V^mi^^ soi^bis for imw ^tprodisction pf; issg^ sm&msrrmm^^ompc^^ 
[0044| A var!!?ty of therrnoastting resins fiave been appiied to RTM, t5iit,!n,pfin!cui8r, epo^sy resin and bismaioimide 
rasih are widaiy used in the fieid of aircrHft:manu}actgring, vyherp higi^. pertormanos maieriais are essential, with par- 
tkjisiar irnportastce aitaofsed fe spp5?y rssih because of its high co^t perfomiance. 

[Ot50S| An «pvOxy resin composition to bs used in consists nialniy of 8pq>nf resir^ and a hardener, vvlth otiier 

additives being added as s^qoired . ' 

lQm$l Epoxy s-esih niaierj.»as used as main componsnt of an eppsy resin compoaitiOR for HTM inekide generai- 
purpQSi« jycid¥i ether of bispiiepei A^g^^ R nowoiec giyddyi ether as «hown 

in tjSS©#$182A, giyoidyiafrsifje-type e^^ resfe as shown In . Japanese Patent Laid-Open Pubiication (Ko;.;ai) HSi 
03--S50a44, digiycidyi aniiines as shown in Japanese Patent Laid-Qpsn.Pubiicatian (Kofca5),HEi 0S-0SQ242, spoxy 
rosin vsith a fiyphne bescicbons as shown is USpasiSga, apo>(y rssin with ^ naphtiiaiens isaci^bCRe as si^own in 
Japanese Patent Lsid^ppen Pubiiaation <Kol4ai) HSi 99-137044, epoxy resin wih a dieyeSopentadief;© bac»<bone as 
shown in WO08/i5tSSa, and aiic^oiic iJfKjsy resin a 

POST] Known par dsp^fs 8eners^iy..used vsfith .^axy. nsssn in jyTM procfisges: iridede siipnatio poiyamines. arcmatie 
poiyan^lrj^s, ScNs sht^ydrlcses, and Ley^ complexes; jriShjenere widely . used. wlti^ an epoxy resin composition far 
prodLJcir;:g fiijsr reinforsed comijosits materia; in the;:ffeld..dyircrBft mans^tgn^ amom &hem, ai^.matie 

pciyarnine, vs?hich also iisedb^^ 

i^rdtnais pr%rp!ne rrjalerials kmmi to be wfdeiy used as: rssin tor BTii^ ineiude diethyi toiuensdiamines as 
shown in USS6i?i:tB?7A aad WO02/02686A1 , aminobensoic acid esters as shewn in Japanese Paterst Laid-Open Pub- 
iicotion (Kokai) i-;Ei 05-33Q480, 4,4'-d!aniinod!phsn¥i sutfones as shown in Japanese Patent Uid-Open Pubsioation 
(Koisai) 

[0S89| HE; 0S--137Q44, aiicyi derivatiYos o? dian^inisstipbenyi n>8thar!& as shown in WC02/02S66A1 , and aronsatic 
diarnings with a iiuorens baddsons as shomn in USS3sj91SgAJn addilios, ii<2t!id eposy resn compositions for tiiamsnt 
winiJing, that consist of giyciayiarr^ina Sfps spd>cy resin arid dlgiyddyf sniiins, pius either diaminddiphenyi mUmB or 
diantinodipi-iieny! i-^ais-ssne, are disciosed in Japanese Patent Laid-Opsn Ptjbiication (Koicai) Si-iO 83-077826. Some 
ot said diethyi ininenediamines. a-tiinobenxoic acid esters:, and aitcyi dehvaJives of diaminoeiphenyi methanes are 
liquid, while said diarninodiphenyi sulfones, diaminodiphsnyi methanes, and snsmatic diamines with a fioorene bacK- 
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bons are SGiid at room temperaturs. 

[GS1SI There are two types, i.e. one parftyps and two parts lype, of spoxy rssirs produds for RT^ thai consisi of an 
arO'Viatic poiyarriine. A one part type ressri product is a composition that comprises boih epoxy rssin and aromatic 
poiyarnine. For trsoiding, said psoPuct Is sriiscted afrsr being nsatsd to an approp^ate t&f:^per&t5jre; sine® at^mstic 
poivammsjs srs mfativesy (ow r« rsactivtty, compositions thM corsssst Of eposy resifs and m&naSo p<iWamim cm tm 
storsd for a r^iatlvely iorig period -irris. 

[SOU] A parts type resin product consists «f ars epoxy resin bassd liqiiid am aji arorristic amins based iiquid, 
vvhisi-s are stofsd stparateSy and mixed to provide a .-asin composifcon formoidsng. Fiber reinforced cosT-posfta matgriais 
to tjo us»d in the fisld of aircraft manufacturing ar-s geooraiiy required to be high in heat re&sstaace. Cured epoxy rsssn 
is arnoiphous snd has a giass t;-an5;ir!on teniperature. Above ths glass transition temperf9^ure,the iigldUy of cured rssfn 
decreases giaatiy, resUitis^g in d^jtoooration of mechanical prpportiss of the'fibsr reinfoKJsd cofsposits msstsnai, Ac- 
cofjisngiy, the gfass transition tempei^Jure of mr&ti resin serwjs as an indiestor of tho hem rssistance of tho reSLjitina 
fibsr rsinforced corsspositp niateriai, i lie glass transition tempsratuns ot c5ursdthsmiossttlns resin correlates with the 
higiiesi tsrrpiirature found in the fsaat hiaioiy 6f-th«- cunng pmcess; in tm mtb^s@c6 iPdiiStry. owrspd oorsditicns are 
ff^qm^^ m tip m thst iM mmimim^stmr& dadng INe prcfes^ss is ab?M V§d»C. *C ' " 
[{50121 "lb use stjch a higs^- coring remporatLirs of about iSO^'C,iiovi;&vsr maids and othsrtools iiava to be f?5S!Stant 
to Sijch fiaat, which ifsemases iihs rs£iais:sci:e:i5s&. An etetive way to reduce the costs fsr moids anp tobis ig t& jSefforni 
prmm St ® f^i^iVSiif 1^^ t§i*^fg^^ 140^0, an«l after demolding, canv ois^mm^im 

of She resulting fiber mnfefead cofnposilo material al about 1 SO^C, in ths Vai^T?^ process which rsqtiires & vacmm 
bag, -in pafticuiai; io* carstsmperBtiirs maicss it possible use io»?-prics fifrn for vacy urr? bag, sugsestirig that low- 
teperatai^e pi^eoyriB te^dgs h}ghlydesim&^ 

|0013| TPs reactivity of epoxy resin and aramatic poiyamine is rsiativeiy iow, and cuing at a low ten-Deraturs wiij 
require a soogorciire this. So, a catalyst is added to jmprovs the cure cycis! Suitable oataiysts for iJsis purpose include 
Brj-afTsine con-ipiesss as showr? in WOS17S2S88A1; suifofiium saits as showh in US4554Sii:2A artd Japanese latent 
i..8id-Opsn Piibiication (Kokaf) 20G:?-003581 . aikyi esters of strpng adids as tHom in USSS88g7?A. and po^^hdr^!>l^c 
compounds as sJiowh in US4S9S058A. -• 
n^p ; 4] A i^^fo parts type opom fssin composition fs pretsrred s^en a cataiysf is iJSfed. It is bscsuss, wtiik the sheif 
iifs a one pan ;\po sjsioxy 'osin ccsTjposition shodsns ii a catalyst is added/sucf- a p-obism ca;^ be avoided si a two 
patts type epo^y ^-js-i' ccr^iposition is used Cured products of epoxy resin compositicns designed for oroeuctior: g? 
fibsr reinforsed cof?>posite mareriai ?o be used in (pe aerospace industry are rsafiired to have many good properties, 
in addition to the afcove-menthoneti hsgh glass transition terrlperatures, tf^ey sno;]!d grsferaoiy be higi-j in eSas^tic rr;cduiu£, 
hig^i in toughness, poo-' in tti© giass temperature decrease caused by vva-or aDsorption ni;;n in resistance to moist 
heat) , ano ss-nai! n tnt- coefficient of hn??.!- &x:p^.ns cr Such aromatic poiyamines as 4.4'-diaminodiphenyi suifotie ana 
3,S" dia!riinoO!phenyi suifone c&n son/e to produce cured prociijcts witii such good properties as srriaii coafficieni ot 
iine;5f expansion and hiph heas resistance, and t{?erefore itrey are v/ideJy used as hardeners to c:jr& of.^osy -osi:; conv 
posSioj-is for prspreg produofcon In the aorospace industry. However, sincs diarninodipfienyi stsifcnss ars solid witi: a 
n;gt; rn«i;lrip po!r5i, ^h-.sy are not us3d iri fcvo parts type spoxy re-sif, composition procsuctss. it is not impossiDle in theory 
K> desipn a batch csmprtsins a solid iiardener, buttfjis is not practical bsscause a cotitintious mker cannot be anpifed. 
Thus, difficuiiy of using high-psncrmance compcnetTits has been a m;iior probiem vifitfv oanventionai two psris type 
SpOKy .-esin cof?ipos;;ion proaocts Another serious problem ^\th ccr;venticnai spoxy iosm ooRiposition produ cts for 
BTf,^ is. trade-c!tfPetwoeniovvvisccv=5itv' and good properties Of cured undera relative ly high pros&>;ro 

can be periosn^od sn t?!s .RTivl process which uses a closed n-ioid. but ine VailTM pr,3cess nssds g Sow visdositv at the 
tirnf- of ifiject^on tjccau.-st; ti;e proriess uses aPvsospheric pressure for injeoticn, foaoiring a cons;ide:-a»iy low visco&itv 
io car-Y o>;t ip-iprosnatjon. ff precure at 80'C-140'C is assumed, furtbermors, the iniet temper^ikire has to be set to 
iO'C:-90'C. An epoxv re.sin composition to be ;;sod :-?hoiiid p;-ete=-fibiy P;-iye a viscosiry of EOO fv^P;? s or less at an ioiet 
tempofatuf!; in this femperatiire rajige Conventional epoxy resin cornpositfon products for RTiv^ that car; provicse cured 
proriucts ft'ith gcod properties, hox'i'ever, are gensraiiy i-iigh in viscosity and have to be injected at a hlshtemoerature 
and therefore, they ars not suitsbie for Vaf^'iy and other low cost processes for whish low temperature iniectson is 
pj-elon^ed. A convenUona! tschMiqae that incorporaies hicjh tenjperature inieetiot- is shovvr; ir; internstscnai SPivfPS 
Teo vn^cai Conference, Vol Si, pp. 298--306 (2000). Said teciinique uses a mold temperature of ISG'^C at the t^me of 

sriiePtiOfi. 

tmiB] Under such situations, there have been sxpe«5tatjons for development syf an epoxy resin coaposition fc HW- 
thax has an initiat viseosify of 500 ?^Pa-3 or less at an iniettempgrattir® in tfie ranqe of 4rc>SQ'^C, can be pr&cuteH 
at ge^C-14-Q=C, arid can. fornr a cured pmductsthal ate hip in giass trarisftion tPmoerature, elastic modulus and 
tougPness while being small in tha glass tsrnperattire desrease caused i5y wit^^ atosomtiori and also sn^aii in tfie 
cosfidPfjt of iinearotpansion. 
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SyrmriSfy of iswention 

[Q01S] T>ie purpose of tne presesi Invsntion is to provida a liquid ^oxy resin cotrsposition tor ksw cost p;odijction of 
high psrfofrnancs liber rsirvfcrced CQ;-nposstg marsilsf, that nas atovy viscosity at reiati^^siy low temperatures, and that 
arts- being Gurssi, the cursd produa ss frigh in giass irajisltfpn ternpersuure, eiastie moduiys and toMgrtnsss whiie being 
sriial! in iS-Ks 0sm> iernpaiK-s.ire- decr??asscausedby water absorption and also srnaii in mscosfficisnt of itrsesrespartsiOB; 
and So provide a ■T;g-iiQd lo producs fiber reinforced corfiposite matensi thefefrQiT:. . 
[0S1?1 'i'het8rm°spa>5y rssiri'' is gerseraiiy ussd to fsf&tto eiihsf a. category of thermxisgtting rssins or a categoiy of 
ohsiriical substsneas having iwo or rr^ors i,3-epo:<y groups within the molscuis, but the is^tsr dstwltios^ shGUld be. 
applied to tiie foiic-v.'i!-;g descfipiioriis. ivloreover, tr;e terrrs "spoxy rssirs eonrsposition" refers to a oemposition consisting 
of ;sri apoxy riasii:-! ssnd a i-^ardenar, ais vveSi as o-h«r additives as required. 

[09181 Th« first sppxy rasin corrsposiiion of ths prsser^t inventiors comprisss the foiiowtriQ componoms (1 ) ■ (3) as 
ssssri-iai cornpofsefsts, their mixing ratios meeting thefoiiGW^ng centJttioFfe {i) - (iV), and compcrisnj: (S). beirsg disswiVed 

Coi-riponsn- (i J; sspcxy i-esip ti-;gt is liquid at room ts?rsperg!ura, 
Corr!ponsnt(2);srot^8t!c,ppsy8rT;;,!ipth8?ss^^^^ ... 
Gon-spooept (3); diamlnccliphefiy^ultons, 

CondsSior! (i); The proportion of component (1} reiative to the ej-ftire epcsxy resin in the composition is 8Q-IO0 
Condition (il): Ttis sum o; tne propoftions of components (2). and (3) reiativs to ths aniire poiyamine in ti-se com- 
position is 7(MQ0wt%, 

.Condition (iii); Ths proppriion of oompofisnt (S) relative to the entire poiyan^ine in the composition is 25-60 and 
Condition (iV):Thestobhiometric ratio of the entire poiyamins lO tfie emite epoxy resin in Ihecomposiiicn Is OJ-i .3. 

[OSISJ Id the above definition, componerst (2) does no- contain component (3), 

[i>SSS| Said epoxy resin oonsposition si^oifid prsferabiy bs produced oy mixing the {oiio«fing two liquids. 

iJquiG .'{Al a iiquip that wjsists of component (1 ). 

liquid {B1) ; a iipi-jd that sonstsis of cemponsnte (2) and {3} . and contains cpmponoi^t (3) dissolved homcgsns- 
^siisly- 

imn} Liquid (B) shoiiid prefsrsbiy be fi-se of preoipitatlon of comportent (3) after being stored for 30 days at 5'C, 
To realize li'iis, component (3) shotsid prsfsraisiy consist of S^S'-Dian-inocSipiienyisuifone; and 44~-diaminpPipher!yisui" 
forje, Tiiis is Pscatjss ss soiyticn ottne two isomers is much stabler than a soiMtion of only one isornsrv Corpponsnt f2) 
shouid prsferaisiy bs disti?yi toiueriecfiamine, which is lew in viscosity, because it serves te icv^sr Ifso yiscosiiy of the 

ooniposiision 

[OSaSI in addition, said spoxy resin composition sh.ouid, after being cured tor two iioujs at 180»C;< preferable hme, 
a siass transition temperature of 1 7Q'C or more and a coefficient of iinear expansion of 7 s W^W^ or iess in the 
■e!-nDera;ure 'srsge ot 30 -C -o ' S'T'G, Fib-'-f r-iriforoe« composite materia! can be high in tsnsiie strength if its coefrtcient 

0! knoar >3xpansiori is in li^c ?ibovs-.-T5oni!ont3Ci •■-angs. 

[DC52S] r-:; hRv-? ci:)c-i irppri-gnaticn properties:, s3-2 spoxy resin composition should preforabiy have an initiai viscosity 

of 1 ■ 500 ^iPa-s a- SO<-C, and afior neing left to starsts for one- hour s- 80"C. shouid pn-Ssrabiy i-^avs ?, s'lscositv- not more 

inm four times the initial viscosity. Moreover, to «nabie procyrs? at a reiatiysi^* iow tersipefaturo. !■r^:i;eriai prod>.iced by 

ciir -v:- for jvvo hou.-? a? i^O'C shOLii--! preferably nave a glass transition i^TV5er8tt{re of t20'G or srtors. 

[GfS24} Tc schiovs such viscosrty stabiiiiy and sbiiity tor iov/ temperature curing, said spox;,? re-ssn composii ion should 

prefersbiy contain an accelerator seiected from ths group of strong acid ester, onl-jm salt. i..e'A<is ;:uoid-amir;o ccnpisx, 

ancipoiyprisno!, 

[OejS| 1"hs seocsiid eposy resin composition of ttse present invention is an epcxy resin conipositicn for produciion of 
fiber rsinforcad oomposite n^alensl, tsat &^fmn& at isasl^e fpitewing "mmmr^. 14) - (6) , forms & cured prodiM 
with a thsoreticai moiscuiar weight between crossiinking poirtts in the ranjje of 250-3S0 g/mol, and has an initiaivisoosity 

at80''Coi1-50DJi^Pa-3. 

(4) : aromatir: oposy s^sfn with tri- or higher functionality 

(5) : ammatic spoxy resin svith dl-tunctionaiity 
C6): aromatis poiyamins 

[00281 i-ioi-o, t5-ift fnoii-cuiar weidit between crossiinking points is d^ined as th© vweight of the entire cured spoxy 
resin diyidsd by tho number sf CfOssiini<ing points contained in ths entire cursd epoxy resin. A cumd product siiouid 
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liavs a theoretical moisc-uiar weight bstwssn crossHnking points to be in said range, in order to tse high sn both heat 

rssssiancs and toughness. 

[0Q27] Hers, CGsr^psnant (4) shouid preferabiy be at ieast one seiacred from the group of !\lN,,N',N''t8j:ragjycidvi-4,4'- 
diarfisnodiphenyi methane. ^^,N,0'trigivcic^y!-m-a^^^n^i^erlsi, N,K,04r5g^ sikyi-sebsmijted dsfh/- 

-■5 ativss 0? trss forsgt-ing sub^JaBdes, arid N;H,N\N'^^gfy<*}5«--*r?-5Qf!6rj6'iS^ine. 

[Q02S| Sui-abfe essoxy resshs as eomporsent (5) incfede poivgiycldy! ethef s in the Icrfn of a oondensaiisr; product cit 
ptionol or a subsniuent dstsvatb-s tiserecf and dfcydopsntadiens, dihydroxynsphthaiens digiyckiys sOie.r, <i!g%'ddyl sthsr 
of dii^ydroxybiphsnyj or its sUDStiiusntdsrivative, digiycidyi ether of S.S-bfsi^-hydrasyphenyOtlucrine, and polygiycioVl 
athitr of phenol araikyS resSn. 

ic- [0039] Said epoxy resin Gs5!T!pcs;iiDf:.i; should, after being cured for two hciirs al 1 SO'^C, prsfftrabiy bsve a fisxurat 
rnoduius of 3 .S-4,S GPcJ ai 25"C and a giass transition tsjrnperature of 1 70*C or mors, 'i ha third epoxy resin composition 
of Shspressm invsr^Uon is ari epoxy resin cdft^esitton fdrproductton of fiber reinforcdd composite materia! , thatc-orssists 
of a poiygiyijidys eii^sr of phsnoi araikyi rssin, and a polyamine, 

[0©3Q| Tha fourth spoxy rssin composition o- this invention is an spoxy resin compositiors for produ<:{io?5 of •iber 
i& reinforced cdmp&sits mafadai, that corssists of an epexy ressn and an aromaSio poiyamine, hss an initial viscosity is in 

ihe range of 1-500 iViPa-s at 80=C, and altaf be!rigcurs(i^;fbr ti¥6 hoar.s; at ISO^C, fodr,s a cursd prodiJCt bavirig a'giass 
Jransiiion lsmpsralu;-8 of 13Q"C or rnora fiftar baingllli^ 

[OeSIl Said apoxy msin sairipositicf! shouid, after bdng cured for two f?eijrs at 1&C*a pr^fsi^sbly Have s tiexurai 

moduiiis 5f 2.3SP;;. Of mors at 82"C, 

P032| E>y rrissting these rsqdii-srnents, the resuiiing fiber rsintorced composite materiai compiising a cured product 
of said spoxy?ssin tK3rnposlt!on as nrsatdxcafihavs a high compressive 

[0033| The fifth epo;-;y rssih eorapositidfi of the preisent invention is chanadtsrizsd th that n is produced isy rpixing the 

foliowing tws iiq;3kB 

i..iq(.iid (A3); ihs foiiowsng con-ioono-r; (9) and component (10). 
Liquid (B3): a iiquid thatconsisis of aroirsatic poiyamine. 

Cosrsponarvt (8}; at ieast one spoxy resin selected fnsm the group of H,t^,H'M- tetragiyeidyi-4,<s-'-di8m!ri{>d(phenyi 
methafHi and aiicyl-sgissiitutsd derivativss there^^^ 

Component (10); at least one spoxy rssin selected frorrs the group of N,N-dig!ycidyl sniiine and sikyi-subsmuted 

d«hvaf!ves fi'sa.^'sof. 

[00S41 i;i said epox\? resin conposiiion, compdhehtsCS) and(TO) siidUSd prefersbiy aojdunifof £K)-§Ov^^^ and 10-30 
wt%;, respectively, of the sntire epoxy rssin, 

|003S| Said epciSsy resiiri compcs^Jon is chafactah^ed in Shat, after being OL^red: ttse cured prodMol suffsfs iiitle glass 
sransition tsrnpsratura decrease due to waSsr abs;orption. 

[00S8) The production n-.sttiod for fiber reinforced composite materiai accofxiing to the present invention is cisarac- 



teriifdd in that reintofcing fiber Is st>pi^§hated Mh one of siaid epoxy rest:! feompositions and thefi cured toy heatins- 

The prddactlon rrsaihcsd for fiber reinforced odn^positfi; rnatsriai acoordSng to tf^o present inYesticn shouid prsfers^y 
eorssist of inK)regni5t!ng rssnforeing f&er witrs one of said epe;^ rosin compositions ai a ternporatijrc in the rsfigo of 



P0S7] s hs fibof ^^InfOfoed cornposits n>sf&riaro? the prBsent invention conssSis of a cured prodyc; of said eposey 
rssin consposlfion. and rainioreiagtltjer. in tl^s fiber mirif breed dQm[Ssgitg;^f^ invention, said rein- 

■*s forcing fiber should prafarabiy aocoUht for 50-§S%i^ 
100^8] Sesf rfiode fdr carrying out tne invention 

iS039| The epoxy resin oarrtposiuon tor produetion of fiber reinforced composite matsnai according to fiie present 
invention is a liquid spoisy resin cdirpssitidh tJ^et consisits df #oxy rssin and aromatic aminj;, 
[004101 The ^^xy resin cod^pcssiti^dn aecording id the pj-esan- invention stiouid prefa-fably be orodLiced by mixssig the 
foliowthg twe liquids, 

(A) a liquid c.~ornprising epoxy resir! 
(B; s liquid cornphsing aromatic arnlne 

[0041| Separate storage of liquids (A) and (B) has the advantage that a much ioniser shei? iife can be acnisysd 
compared witis stoiing ali componsnts as s mixture. This is partiouiady a large advantage when an accel8rs;tof "is 
inciuded, as Qsacrihae later. A Song shot; life can be achieved if eiJtier tiqufd (AVor (8) is soiid. btit a continuous rnixef 
nan worif mere efficieritiy if botli araliquid; "n; achieve good impregnatiori properties at ?eiafiveiy lovi? temperatures, the 
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spoxy fesin composition for production of fiber rsinforces composite mstsElai accordlfig to the pressnt invsniion shouifS 
prelsrabiy have an initial viscosity in the range of 1 -aQOmPa-s at 80°C. Sines this requires a long pot iire, said compo- 
sinof! affer being Ssft to stand for ons hour a? BO'C si-iouid prsferably hav^ a viscosity not mors ttiK^n four times ihe 
initiai visicosity, s^-iors prsfsrabSy a viscosity ir? t;-!© range of 1-1 000 U Pa- s atter being ieft to stand for or^e hour at SO'^C. 
|»04a| Aronnatic potyarr^ine to bs used tn if^s spoxy resin cm^posftion sccofding is tfie prsssnf irsventton snay be a 
singie componsnl materiaS that is liquid at roo?r: ternperature, or may be s rr?ixture. Said mixiurs rrsay CTriiain, as a 
component, an arGmaiic amine siiat is soiid at roorrs temperature, but the mixtuse si-;au!d bs liquid ai room tempei'ature. 
[00431 Hsrs, i Qorn> temperature Is definsd as ^5^C. The terms "iiquid" and "solic!" used hereinafter refer to propsrti&s 
■St uriless othsmise specified. 

[0044| When a mixturo containing s soiid arQ!r;aEic poSyamine as acomponent is used, said rrisxiufe siiot^ld prsfefabiy 
contain at ieasi ons soiid arc<:T;ati{: posyamine as another component, it is not impossibie to produae a iiqisid sTiiMura 
by mixing two or mord ttm. ar omsJic polyamsnes, hm it is mem in mm cases, 

|0Cj4S| iJcjijid arcmj^ic poiyaminss stjitabis for prod;.ictiQn of ©poxy rssin acoording to the prssarit iriventior; inciude: 
diethyi toiuenedian-dno (a mixture corssisting rrsaifsiy of 2:4-di8thyi-S-methyi-m-phenytan8ciiamiri® and 4,S-di8thy!-2-m8- 
thy^^m-ph8nyte.n©diamin&), 



H2N 





bisfmsthyithicf/tosusnsdsa'nirig. 




2X'•-diisoprbpy^S,S-dlms^|■!V^-4,•4'-rr•etf^yi8n8Clia^!iins, 




2 .2' ,S,5'-> t8tt^Jsopropy!-4,4=-f!Telhybrie<3lanj!i.he, 




2,£^disthy!-4,4'^mgthyisnadianin0,ar-d 
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[0048] Qi thsiss, rfiethyj ioSus-nedsamins is pr&ferred most because- it is !ow in viscosity and csn form csjred pfcdiict 
Vi^lth prsferrfid propsrSss snoiuding gsass transijion temperature, 

[D847I Ths spoxy rsssn compositior- according to the snvarvtisn shouid preferably contain diafTiinGdiphsnyisulfons as 
a sciid arorrsatic poiysfrsifis cempofssnt. Dfaminodiphsfsyisa^ens, partieaiasiy the reajGr isomers of 4,4'-diam]r!Pdipha- 



SiS-dlarpirsodiphsnyisulfone 



has prsfsrred fsatur&s such as abiifJy io ?on-n a csjrsci prdcSuct with a high i\mt resislar^ce and a sniisli coeffscisnt of 
sinsar expansiors. Oiar;>if!odiphenylsu!fone, however is easily precipitates IdSo cryssai as it is iefs to stand for a iono 
tims al a sow Jsrriporature, even aftsr being mixed with a iiquifi aroms& poiyamine at a high t&tnperaiurs. Of ths two 
isonsfs. 3,3^-disn-iinodsphsnyisuifons is siow^r in crystaiiization. However; ajiquisi mixture consisgnq of ihetwo isomers 
and a Squid as^matic poiysmins is preferred Beeaii^e it fe much skjwer ih ci^Szation ihm & mxtare eonsteSfta of 
ens i£f3rr?er and a iiquid aromatic pc.%arr;ine. 

P04«| Tiie epoxy rssin cQ3>pQsi;icr; accorv*ing to tiis Inventien may csntairs, as an f>prionai component, a soiid aro- 
srsuic poiyaiTiinst oti^er IJ-ian diafninotiiphenyisuifortes. 

|®4S| Preierrsd soiid aromatic poiyaminss irsdude; 4,4'-diamiriDdipr!6nyi metf^ans. 




§,S-bis(4-amif$ophsnvi)fi5JOfi;i«?, 
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1 , 1 ■•bis(4- arr!inopheRyS)syelohexane, 



.NH, 



bis(4-{3-aiT!inoph©r!0xy)phsf?yi)suifon®, and 




bis(4-(^-arninophsnoxy)ph8nyf)sulfone. 



[OOSa] Bis{4-(S-amir!ophenosy)pher5yi)suifor!e is pa-ticu!arly prsfen-sd &ecaussitissfcwiri crystaliizattcn when used 
ion SGmbinadon wfeh 4,4'<fefr,!fiodiphgnyisii^ons and S.a'-diafnlnodiphehyfeuSfcne. 

TS-ie spoxY rssif5 composijion aecorxilns to the invsnJion may contain an aiiphaiio poiyesrriins as an optional 
componsnt. 

|O0S2| in the spoxy rasifi compjssition according to the inyaniion, ii<|ijM arotiattespsiysmine and <U«nino^«nyi- 

|00SS| sf! -hss spoxy fssin 03)-?f>asiti8rs actjofsriffig Jo ihs iirijifersSiSn, di8rsjp;&d|j!|iSfsyjsi;ifon& shouid pretsrably as:co;jnt 
for 2S-S0 ws% of lh« sntire poiyan-;ne. Good featursis such as.high cosmdem csf iinsar expansion sr» not «fevsloped 
;f ;h8 propcsriion of siasTjinodiRhenyisi-ifone is isss liian 25 vi?t%. ■ssrfiiie crystafiizatioR can Kke raises cj^siiy i? it sxiieads 
SO vst14. 

P554| if both ^.4'-dia!niriodJph8ny!sui{on0 and S,3'-diaminDdiphenylsu!fone ara t®^; iheir ratfe fay weight snoufd 
pr&;s'-3i:)!y bi- 1 0:90 to 30:1 D lo dspress msir erystaiii^aiion. 

The apoxv' rssin compijsitior^ according to the irsverstion sho-jid, aftsr isMng cured fer two hours at 1 SO^C, 
preferably have a coefricisnf of Sinssr expansion of 7 X 1 0-5K-ror less inliie: raPgs Df SO^C to 'm^O. 
[mm] Since ti^e cosfficisnt of iiossr axsafjsionof earlK^o ftber,; is widely ussd ss remfofcsng fiber, is mrom^ 
sn-sii, me prsferrad kassf limit of ths coef^dent ef iinsar e)^«a^on is ieorstleaiiv^sfp. but pracifealiy it is about s x 
io-s!<-. ; 

An epoxy resin to be used far prodscfion of trie apoxy resm cmmmon acaeni^ifig tiis inv&ntion jriai^ be a 
siflgSa sompcnent nssjssisl that Is iit^uid at resm ta!7i?Jgrgy?t. feiftaisp msy^^^^^ 

epoxy fesin ii^at is solid room wr^mivs, but thfe mii:i;rfe fesir si^ouid oe liquid at room te-r-psn^iiure, 

18068] A large variety of epoxy resins are used \n diJtarsnt Industries, bui ammatic epoxy resiris are Drsfsrmd to 

produce cured produfiis with a i^igrrglass transition tsmpersfc 
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aca)rding to the Invsntion should pre'era&iy comain at isast oris arornatic epoxy rssin. in add^lori, the spoxy resin 
cor-;posfEi{jn acsjorcilng to the invention ahouSd pnefembiy be used in combifia^ion y^ith an aromatic epoxy ressin with tri- 
isr j-i^ghsr 'un(Sion3iitv and another arcmaiic epoxy resin wi^n di- or- higher an<s iovi?er tr-an tn-tiinc:;ionaSitv. 
|0059| Practscsi sxssriptes or preferred epoxy resins are «hom b^. i^Sost epoxy resin products a4 mixsums ot 
isomers and oiigprnsrs vyiih ditrsrsm i-noiscuiar wsighte, and adeordingiy ths stnictvire given bsicw r8p?«sents only the 
rfiajor cornporisr:*. 

immj Preterrsd epoxy resists wsih tri- or bighST functfonaiity irsjiude; N:N,IS!\.N'-ietfHgiyoidyi-4,4--di8mi!todiphsnyS 
n-istssaris (iiquid -a^ roorrs temperature), 

O . O 
j^JVN'4s4Tagiyc!dyi<j,3'-diethy^4.4'-dtanfiinodipheriyi rfjethsng; (iiqiuid at room temfjsratiirs), 



A C2H5 CsH^ O 

h^,N:0-trigiyciciy:-^nr5-a?v5lr*ophenoi (iiquid at foom tsmpsratufe). 



i^i.M,04rigiycidy^p-an•!^riopi•■^noi (iiquid at room t^npsrature), 



i^:N,Q-trisiydriyi-p-afninoi3rssoi (iiquid at room terr-p&raSure) ., and 
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•H-CHg-^pS-CHa 



[Oesi] Preferred di -iunciionai eposy resins molude. 

diglyciay ether of bisphsnof A (ilquid or sofld at room temperature) , 



is 



ciisjycidyi s^isr of bssphenol F iliquid or soiid st room tsmperatiire) , 



so 



O 



D 



digfyddyi ather of bisphsno! AO {iiquid at room tefrspsfslufe), 



■so 



digiycsdyi sther o? bisshsnoS S {soild at room teroperature), 



S ^ — ^ 



diSiVddyi sthsr o.- tetrabromobisphorsol A (solid at room temp^i^Siifej, 



Sr. 



Br 



Gigiycidyi ather ot telrgar^ethyibjsphsnGl F {mM &i room fempsr^re), 
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CH3 



?5 



digiycidy: eSfs-Si- of 4,4'- rfihydroxydspheny! sulfide (snUd at room temperate re) , 



reso»«in»S dijiiydoyl sihsr {soild at room temperatars), 



so 



digiycsdyi aJhsr of 2,5-<:Si4e!t-biStylhydroQuinofi8 isolid at room tsmperatyre) , 



o 



disiycidyi ether of 1 .S-diiiydrosynaphthaiene {iSquid or^oiM at mofrs lemperstiirB), 



p 




digiyddyi ether of 4,4'-d!h«droxyfcipheny! {soUd a- room tempsrs^iife). 



o 

J. \^ 



\_J/ \ // ^ 



ciiyiycldyj eSief of 3,8*,S,S-tseam8a»yi-4,4'-<fihy^dx^|[>h«ii^ (solid al roofn t:sn-!|3®raj-:jrs), 
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so 



IS 



cligVcidy! ethsr of 9,S"bfs(4-hydrQxyphenyi)f!uor8ne (solid at roorrs temperature) , 



CHg ~CH~CHg""0 




■digiyddyl aniline (liquid at room tempsralure), 



N.H-digiycidyi-o-totusdIng (ilquid at room tsmperaturs), 



-■35 



rssin having sn oxszoSidone rshg whsch is orodijcsd by reaction of tvvc iTiOiecutes of & digSyciciyi ©thar of 
bssphofioi A With or?® rnsieoijls of toiySsnb diisacyar-ate (soiid ax room temperature}, 



p o 

,0 ,'.r^ f'5/=x=s e-^^^-W!^ 0 

digiyddyi stivers h the form of a cor>dSRsatlor? product o? two moieciiies of 2.6-xy!enQ! and on& moiectsie of dicy ■ 
cidS8r?5adi®ne (solid st room fem^srstursj; 
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CH3 




digiyddyl phthaSats (}lquM at room tefr^erature), and 



O 

ii 



-O-CH2-CH-CH2 



Si 

o 



so 



digiycidyi tes^phtnaSats (soiid at room ten-spstature), 



O 



[00621 epoxy rasins haying o> or f^ighsr and lowsr than in-functianaiH^f includs ccndsnsatisri pnxlucts ai fottnalde- 
hyde and phsnol or its substitueni cistsvstive, that is, novolae poiygiycidyi ethsr (nofmaliy bg'M at room tempergtijrs). 



6 

fi 



whsse, R' and R?- denote a hydrcger! aXam, an aikyi group having 1-8 carbon atoms, ora haSogsn atom, arid n dsi-iotes 
a fsa! mjmgsro! 0 or rnors arsd lesst lftml^ . " 

polygiycidy! sftsrs in ;he mrf>i ci a c6ndsnsi^isn product df diGyttoip^ntadigns and phsopi or its stshslitufint denvativs 
(norfnaily soiid a; rsor^-: ismperi-ture) 



■CH 1 XH 






i 1 i " 






0 1 0 




0 






'■5 ^ 0 
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wheis. R - and R^' ciersots a hydfogso atom, an aikyi group hsving i -8 carbon stams, or a haiogsn stem, and n ^is^notss 

a real fiufrsber of 0 or STios?; and isss tha?! 1 . 

poiygi^-cicly; stJ'sr of phenoi araikyl resm (normaiiy soUd at room tsrr,peraturs) 



whes-a, R % RS, RS ssnd dsnoie 8 hydrisgsH: aikg?i grou^^ l-ScaiSsaf? ajcims, or a halogen slon-,, and 

m arid n denots m integer 61 i-4 4:.r9fi^.ntW5^-^,0' <^'f^br«.:Si^..N88 .#ian' 1, respectsysly. T^se sppjQf resin 
corr:pQ3;ti;iri according to ths ?ra?Sf!tiot5 cgn conMfi, as en optiortai cpmpqner^i:. an ^iphatie sjspxv resin, in aQ^kk>niQ 

^5 said aromssiis eposy fas-ins. 

|SO^J ' Pfsf0fs-8«alljjha!te epoxy ?ssin-s inciuds S^-egQ^oyciohexyi- m^a^A'&i^ii»^e(if<^^ sis 
(2,3^«po)n«^iopsst^Selh8rs, digiyci^ hexahydrophthaiats, and neopsntwiaris csiycol digSvcidyi esfers. The rsactfe?^ 
will is<5 fo%', howevsr, if Ihe mixing ratio of 3A'SpG>\!Cyc{ahsxYl>T,QihY^-2A^^^ wEsict! con- 

tains an sposycyciohsxans ring, or a bisiZ.S-epoxycyclopsntyilisOier is iargs. in paslisiiisf, it is ns-sssssfy to add an 
accsiarator as descrsbsci saiow, if S,4>epoxyqfBl6h€>;yirneihyl-3,4-epoxycyd^^^ is osed. Digiycidyi 

hexahydrophfnafats!, !»-!d digiycii.ti,4sthsrof nsopentyiene giycoi. which contain s dicjiyciclyi groijp, have m approprlats 
rasotiyify, b;:t tns gSass i-snsiiior; tsrnpsrsturs of fhgjr cured proaudts decreases as their JT;ixif!g mts increases.. Ac- 
corPsfigiy, si^ie mixing rais of these siiphatic SHSoxy rssirss srsould prsferapiy bss 30 wi% or i-ass reiailve to ti^e entire spoxy 
rssin, On« of irss purposes of the present invention is to allovy the resuiting cured prPduci tc have a sufficientiv high 

so glass t-ansiiion tsrs^peratufe in addition to sufficisntty higf'! elongation and tougi^ness. 

iQOmi After Deing cured for two i-!Ou;-s at 1 80'>G, the epoicy resin aecpcaing io the invention shouid prsterapsy have 
a giess traF)Sition tsmpsraturs of 170'C or snore, more preferBbiy tp'b pr ;-r?ors. Gured produces C5f the spoxy resin 
con-iposition obtained Py curing for hours at 1S0*C siioufs pr^fsm&ly have ars elongaSon of 4% or more, mere 
prsferabiy 5% or more. 

5{5 p)8S| To a~i"(!sve said prsferred giass transition temperature and siongation. said eured products of the eposy rssin 

oornpositirjr! according lo tho irivontion should preferably have a ^h■K)reric^^ moiecuiar weigh* between crossiinicng 
points, a, in tlie range of 25Q-S5D g/rnoi. Hera, ma ii^ecreticai moiecuiar weight ijetweeri orossiifsksog points, a, is 
def ir^ 8d as th& weight of fhe cured sedxy resin, W, divided by the thsoreticsi hymbsr of c!X5ssiinkif?g points in the cured 
epoxy resin, and it is iinovYr; to be inverseSy prooortiooai to tno orossiintt density oi th?; cii^'ed prediic* and ne8ativ>3^.'- 
•^s corroi.aJod v>-itn ri-jo c^iasis jraositicn Jsnipsraturs afiO eiastic moiauius.. if -he meoretioai moiscufar weight between 
i. ! 0t<5i!!:i- :fi3 poi:ns i»4.<! ftsiin 250 g/moi, if-:s? rasuiting cured apoxy .resio wiii be so high in crossffnk density, poisstbiy 
sTsasing .-said cured spoxy rosin iowin siongaiion ari-i Ujugr-noss. i^oiiqii high ir heat xs'siancc -An ci - in ^,:fts >.viii •i>'su:i 
In flfjer roinfo>-oac3 oomposits; matsrSai !ow in tansiie strength, co;Tipros-S!or> st;onc;ii-! aftei- irn.ti^-io; . iirso 'aiiouo ;6S!S-;^.noc, 
ii inr: ■suxret.oai mo!ec.o!.;!rw£=igt-i ii^eJvveen crossiinicing points is larger thj-n 3.60 Qirsoji on ins other hand, ihscrossiink 
oeno-i^y- wiii i:5^ loo iurisii. possfeiy ro.aking the rssufting cured spoxy fasis) iovsr In gi.asss trafsssfen tsfr:psrat«rs. v/'mc^ in 
turn wiii result in fiber reinforoed co?T?posite matehai with poor -rtscbanfcai heat resistance. 

Trie thsoreticai nriOisGijiar vvsight bstwasr; crcss!!ni<ir!S points, a, can he determined by calculation as cie- 
sqnijati boiov^ Pas>3d on the weight cjf ins cured spoxy rasirs, W (grams). 

ISSS'Tf it is assut^ed first that tbeiepoxy resin compibsilien esrfcemed consists of n types of eposy rssin compo;nents 

s«5 and tiiat the f th spoxy rssin coriporsPrst iias a woighi of ai (gramsj, ir It is furiher assumed that the epoxy resin eom- 
position contains one potyarnins component arid that the jth poivansine esrr^ponsn; Pas s weight of bj {grams} , ti^en 
the viifSight df tPe c^jred spoxy rssin, VV, is expmssed by expression (1): 
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|00S8| i? the rnixlftg mlo af spoxy rssm aricithat 6(psiyamlne ar&gtotehiometricaliy ©quivafent that Is.. » the number 

of mciss i)f ths epoxy groups con'Sinec ;n the bdoxv rssirs CGirspositior! is equal to thisi of ihs active hydrogen atoms, 
ihe s.^;sGr8t!ca; iRsmtjer as crossliritfing poinfe, C m ;hs cured epoxy resifi can be catouiated as tcliows, it is assumed 
here thsJ (g/sq) denotes tns spoxy ©quivatent ivskiht o? tfse rffi spoxy resin Gomponsnt and that S; cSsnoj&s the 
siumiasr of tiss opoxy groups contalf^sd in onSTnoiecuie of tha ith epoxy resin comporief^f, h is is Turthef assumed the;: 
Sh« jth poiyamlris eon^ponens Sn Ihe epoxy rssin composition has an active tsydragers e^uivatent ^eigrrt o? (g/eq) 
and that y^ denotes Eis^; risjrnbsr of sctivs hydrogen aioms coniained irs one ETsoieSvile of the jth poiysrrtine cemponsnL 
ti-.e istai a-Tiouns oi" crossiinkifig points, C tmoiss) , cvjotained in ifiQ cured epoxy r&sm is cafcuiatQd by espressfon (2) 
if aii epoxy groups have rsaci©d with ai! active hydrogen atoms in the poiyarnins. 



[OOSSI !n expression (2) , x-. and x y, rsprss&nl: she average n-soiscuiar wssght cr rtii epoxy resif! componsrst; 
arid ihs avarsgs tsoie^iuiarviJ^ight ofthsj^h poJy^« rssssctivsty. Fijrthsr (Sj ■■ 2) arid (y< - 2) mprsmtit 

the humb^ df fcrs§s!ij^s«ijsg pdM^ mmoMe of the i-th spojcy rssin oomponsm, and'ths nurr^iier of 

cros«ii!^!<ing points pfejcfede^ ffdrn oris moieci.i;e c? ihs jih poiyamine comDoeent, respectively 

For most oommsrcisi chsrriicals, the active riydrogsn squivaient weight of poiyamine produsts and the spoxy 
&qMmvim^ &^^ s?s a¥8fl^i^frsm«TTia i? ihs sqois^istit mem of a 

preciact is unknown, it oan be caicuSatsd based on thfe structufai forrnui^ if thfe p?t>dyct psjrs rtiateriai, or it can be 
deiarn-iihed f rdn^ mration it thsf product is s rnixtof 3. 

10071] If tli8 i^lxlng ratios sf the epoxy rssin and the: pdiysfnihs are rtot stPiohiomstrlcaSy equsvaient, the entire 

antountof Ci-osslinkiiK- pniots, C, is caicistated as foltews. 

[0072| first; the fiiixifig ratio index, a, is cietermined by expression (S) for the epoxy j-esin and tl^e poiyarrslna. 




|;00?SJ It a> 1 , which indicates thiid the arrjouni of poiyairjtne is stgichlorhetridaify excessive, fiie erftire arnoiim of 
crossiini^ing poims, C, is caicuiated by expression 

if i<1 , whisn thdicatss that ths amsuhl of spbxy resits is itoichiorriethceiiy ^csssive, ih* entire amount of 
crossi(r»l<!na psints/CJs i^iddls^ by ex^ 



FOOTS] For ths epoxy con;posi&n acs:ording to the preseni ii^veriiion, the stoichiometho ratio. S, of the entire 
pQiyaf5^:ne ro ma of-tir© jjpoxy resir; shotiid preferably be in the range e? 0.7-1 .3, if ttis rjtho is ootsisSe the range. She 
heatrssistsnse ar^d ths? eiashe medtjius of ths; eared prGduet:«i^- be arifayorafeiy lew: 

f(H5?S| lb pn3ducs a issin compositio;; that can form a curee prodii&i with a tiieorsticsi crossiinK density in said 
prsfcrrsd range and a glass transition tsmpoi^iurs in said prefgnad range, an effective way is to use an epoxy resin 
thaisofisisis of a rigid bac5?bor!e and a small nwrnber ;>f, preferabiy two or more and less thar? three, functional greups. 



12) 
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[ao?7| PffiisfTsei spsxy rssins for this; purpose indude pGsyglycidyl sfeers m ths foim of & condsnsation ^rod'jotof 
riicycoipsniaQiens! and phenoi ox ite substitiisnt dsnvatjves, digiycidyl ether or dihi?drpxynaphthai&r5i5, digSycidyj eibsr 
of dihydroxybipnenyi or its substitusnt darivaiives, digiycidy; etner of 9,9-i3is(4-ftyd!^syphenyi)iluofir!«. end poiygVcitiyi 
ijthers of phsnoi arafh^; rssin, , . . " \- 

PQ78} in partscuia;; polygSyckiys sthsrs -jf p??e-iQi amlKyi resiri are rslghiy prefsrrscSisecsiiss ihoy have s lar^s spo»y 
spusvaisril wsigfu and can for;rni cufsd pmd^^ 

CQSTS] 0? the cosrssTiBsciss poiygVcidyi ettjers or phsnof sraiky! resin, those epcxy resif! pfsducts wbsch havs a bl- 
phsnyi backbons as shsjwn fey ihe faiiowmg ej^rsssion are psrticuiarly prgferrsd in tsrrrss of spox^' squivatent m-igM 
and heat redsta-ics of their cured procJucts. 





[0O8O| Pciygiycidy: sthere i>f phenoi aralkyi rssin are usefui not on;y as a ccmponsni of an spcxy stisi--; nomposilipn 
tfMsi ussfs iiquid aron-satic poiyarnins as hardsnsr, feiitaiso as a companent af an spoxy rssis o&ts^pDsiiion for filjer 

J >j*ic>. iut-^v^rssa v>fspoH'3!V!.<'^> "t'u o'c'^cnc " =;*a res.-^ :>t»e>^ <\or\ < -..o'?- fe»jch «Ci ,'t.cH> 

'^^ > ■^- ,^ ^ «. -i^pi«.sir - -^iaUomponeit such as poiyst-e>sJfoos ©nc teu^t! 

CO!" -^0- iv! "-ijs* udxii," %r(3nc- -nd rno <av «n iha c:^-3^t o -c ^K-dv s ho ' rak\ 

^.qt rsci tc bs s<r?« 'f fhs der 8^«^ g ass ^sa'sstoon tsmoera^urs oaused by >fp so s %e sd'- tr 

oTn a Cv< 5d ;> oiu < ^t^-.-;» -^Cit i.-^ ^ v. dnQ v. * e.c>y esr co^n! Sihcn acc<- m ro 

ihs snvsntfen snousd. .an:« 



3 "! 



c'^jcu'co'" v'^ ^ou>fe s 80 Slid iT'-^e sf> J -^boiii gv?r (^i-iC h Cu's r tju v 



a curea product wiltx a sofficieritiv' 



shai has a tiis&rst:«ai srossisni* osrssstv in said oreferred ranqs arid can 

eiorigtsion. 

[OORSj Bair&f a nsosa oi;Os-.~iivs: way ntay be to prevfaf;! ?hss giass transiUor: fenpofaturs ffofn bcins ciocrea&jd by 
wa?©r absorpiion. Sp«c;;iicftiiy. i; \r^y io prsx^snJ tha g?&ss trarssitfen tsmpsratore from betrti? dscrsased by '&'at«r ab- 
sorpiiOR !£ io uss:, si-id ypoxy rssin componeni with td ■ or higher fur^ctionalitv' a! if.ssj or,-? opoxy res;n £eiec.-;e<: iroro 
the grcLsp oJ- N.Ni,N\N -tet:a-g!ycidyi-4/r.dian^inodiph&ny!:X3&5K3rie and U aikyi-substiiLitcd derivfc!ive.>, !r> oomb:r ation 
«irh sj teas! ona spoxy rsssn s«iecied ?fom the grciip of M.NJ-dljjiycidyi anSine sf^d its aSk^'i-s^'bsiitutad derK.'attv::^s as 
said epoxy rsissn Cfin-!pon8:-vJ wsin di- or higher and fowftr than tn-functicnsiity 

[OOSS] Hsm, spoxy res if: safectsd-^oniiiia group of N,^i.N^^i'48^fagiyc^dyj■4.4.^diam^^odfeher!yim8^iiano and 
Rj. «!kv;-si;bsritd.-d derivatives should prsferajjiy accouni for 3D-90 wr.% of tiis srsiire sboxv rssin, whsic- said &poxy 
rsxin «:5!«ot«c! frorri the group o-: fvi.N-dSgiy^^idyi aniiins and its alic/i-subsmuted derivaiives shouid preferabiy aaiount 
for sO-SO ^■ffy^ of ths t»t!re spoxy raslr; 

rtsOM] The epoxy r os,in oc!rr;pc.sit!on according to ths invefstson shouid praferj^iy i-s abie to be preeufsd ai a rsiativsiy 

sow femperajure in Jhe mg« e- aO"C-i48=C, 

mOJfSl Re*:r- ih;r oons.ai'i o; oaid prateirsd aromado spcxy rssin a«d said prefj^rrod arorratit ooSvan-.irin cr.n 
eufoiecssd fo prscijfe at, for inSiaocs, aisst^tfour houfs a*: 1 SO'C 

roOSiSj GoiT.e fscoi ioraiof is required, howovsr, jf prscars is to bs compifsted in a shoner penoo oi t:-TK-> or at a :ower 
tsrrmmtU:-^. 

[SCsarj There are t^vo types, i.e. %jpe and t-ass type, ef accelerators for sposy rssin corftpositions that use a 
pcivarniru; isarder-e;, oi v^nioh acid fype o-iss wori? sf;o<iUvery when aromatic poiyarnirio :s used as haraorsar whiio base 
type on«iS such as irrvidajcla dsrivativfts and urea darivalivas do not work effectsvsly 



immj In addition to the abiiity fofpfscure in « short period of time or at a kfkmp&mum. an accelerator is «iso 
rj:qiiirsd =e t^avs a syffsdsr% iohg pet life at ths inlet iemperatutB wstliout rsSid siiffefins visfeositv inc?®as8 or mM 



CO089I Spscificai!y\ wiien tSis spoxy resin composition according to the inveniton con-ains an acesferator. saiH corn- 
position snotJid, after &sii^g isf? ta srafse for one hour at 80»C, prefeiBbiv Yma a viscosity not mors jiTan four Lirnfs ti^s 
ifHiiai Viscosity, snd itse cured product p-'oducsd by cs^ring for two hours at ISO'G shom praf«raoiy ?>ave a qiass 
tfaasitssn tampsfaiuf^ onso^G Of Risra 

[OQSqr Acid typs accelsraferg suifabis for m purpose include strong acid esters, onium saits Lewis add-sm&ie 
cor5-!ptex8s,. and poix^pr^snois, 

rOOSil Praferrsd sjiong acid esters inciude methyrp-tolaenesuifonate and propyl p-to!uer,esu;fonate. Preterred on- 
■ iorrs ii^ciudo p-aoetexypheny: aims!:h>^S!jfoni;^rsi r^exafiuof-ophospfiats, p-gcotoxy phony; benKy;meti^yisuf<;niurr; 
hcx;5fSuoropiscsphats. and p jiceioxypnsnyS ciibors^yisufonium i'sexailuoraphospiiate, Prziarmd i ewis acid-arnifio ocm- 
piexss ii^ciuda SFs-pipsHdins compiax. Prsferrsd poivp^snois induds sufostituem dswativss of aasehoi s«ch as 44sr^- 
butyiaatschoi and propyi gaiiate, 

[OOSS] The iTssthod for fiissr rainforcsd cojTiposita rr.atsrsai according to the present invention consists of impregafi'ioo 
ff? remforolng fiber with said epoxy mm composion. foik>W9d by heating for curing. The method for tlbar' rsirtferced 
composite rnslisria; according to tne preserst irsysation should prafer^biy be carried out by irifestins said Sould'epoxy 
reslr^ compositiort isso a rstnforiDing fiber subdpste pMced in a moid, feiiowad by Ciifing to provide fiber relntoWd 
composite materia!, sttsn a process being cafie^ rssir; transfer mafdirsg (RTM). 

|S0S3| Preferrad r«si;rforcing fibers ir>2iade carbon fiber, glass fiber, gramid f &er, and met ai fiber vvi-iich n-say bo used 
solely or in combination. Csmo.n fiber is particuiariy preferred as -Tlateriai tar aircraft and spacoeraft. Said reinfoidnq 
fiber saisstrats j-nisy bs fabric, braid, or rriat of reinrorcii-ia tlbsr. or & DrefPiTr; prddaosilJ by iafrilhstid*^ a^d arrsr^asiTient 
theresf fo8sw^-by. Sxlsg theif <»rai8«f^<m w8h a tackifier or by stiefrlr^. * ' ' 

immt SaidmsidfTia^beadosedmsidn^adesfrSsf^ ^.^^ 
in eorhbiftaiion with flexible iiim (Pas). In the iattsr cbs&: reinfotx^Pg fiber is placo&b^n said open mold mada of 
HciidrnatSfiaiendsaidfiasipisfiim. 

|009S| Prdf&rfed: rigid: rm^rifilsfer n^olds irHSiude rn^fal (steel, aluminum; II^VAR. etc.], FRR waod. gvpsun->, and 
oth0r known matet^ais. Preferred matariais for said fSsxibis film fnckido nylon, fluorocarbon resin, and silicone rssh 
[D0S6I Wi^sn a closed moid rnads of rigid n-iSteilai is -jsed, the moid is usuafly clesad ur^der pressure snd *hs"^ an 
spoxy rssin composition is injecteci mmr kmsm. kimm & casS; ari datiet mjiy he prfevid^ in addition to the itiiet 
to aiiow sijetioh to be porfonrsed by appropriate means such as vacuum pump. Wfse?^ sudtii3iVis^porfOf»5Sd, ^xy rssih 
maybe injs^ ooiy undef atnasphsdc pfsssorft mim uslRl.^iaciai pfe&sifH^atidf? means 
130971 mm mimnmm tmm <^tm^^mm% iis^d y«tb fiexlbtefilm, an outietis ssugliy provided and su«ion 
•s perfermedby such mesns-^as vacijum pump to m>.m ln|ectibh to be achieved under atmospbeslo pressure, such a 
rnelixjiS being eatisd^m^. As in the case oi the CAPBI ry-etiiod quoted in tiie iniel pressLiro :-nay 

be adjusted to e vaiue ^i^ ls lower ihBr^ a&nospteric press!jrB. th& u^e df a t^in dikributien medium as siiown in 
US4S08gi S is eifsctive to achieve gsod irr^pregd^iPn by iP|8etiPn lincser a pressure not higherthan stmospheric pm- 

iPmm A. fc;.r,'T^ core, i^onoyc-omb •:x- -;s. "oiai cornponerst, ate. may be piacsd in combin.=5tion wSh ^^-.n^ord'-.Q fibs'- in 
a Px.id so prcduso integrarod cornpcsse n-.atsrtal. In psrtlcuiar, a eandv/ich atruct:-:ro produced pSacino rcinfo;c.^>a 
riber on botn sices of s fosn core or a ftoneycorrto core, foffowed by molding, :£ i)s;ehji oecauso it is iiahnvsighi &nd 
f-sas a |-f(gh iiexiirarrigiatty. . ■ . " ' 

roo§§] ^ uittjoi, iho ,?uri-ac8 oi said hgio .moid nr^ay be provided witrs a gel ccaj prior to piacing reinforcing fiber ir: the 
moid. 

[8lOtJ| Epexy resin conpositioii may be irj tiis from of a single liqtiid containiha sil GomeeneniB which is ir^ie^ted 
from s.nsie CG:na:r!er; !i= ti!o fofm of two iiqultJs. A and B. which are stored ir^ sep.^jrato c;oni3;n.ers ?nd ir^io-^ed a''-- 
oeirg conitjsned m s rrsiser; or In ti-iOfortr! oi tft-o liquids, A and 3. wiiteh are m Mo a sontaifior v^a s-. mixer and ihp,n 
;!-:iOctsd from the coi!tainar into a moid andor atrnosphenc pressure 

f Q-i G-i } Sii?co tr;o v!sco5.iiy pioperties oi rss:n depend iargely on temperature, botr fi ;- contsinar and the ntoid tsed 
tor Oi >ductiort c? the epoxy rasifi composition .should preferably be n-:aintained at .?;:!DroDriats constant temDer?t.<rss 
o-irsng ftse res.n inrfita^on process. The ts.rjparar^irs of ths container for epoxy f^sin coitibosition or iiauids A and S 
should prefsrabiy do ii^ tho rango of aP/C to SO^C, whiis the tempsraturs of ti)€ moid >n mc injectloit process tn? f :s 
f fio iniot letTtps.-i f.f ^ire, inouid pr.-5i-^'rrri)ly in ths r-snge of 40='C to 30"C. 

|0 1tS2i i-ioat c^-rincs Is carrisd out in rtio moid after co.mpie;ion of the rosin in|aos;or:. f-or :>;->«; cijrino --r: the nsoic; i>v- 
roniO:?.'an.re may be ?t^aintained for a conaii! pr-nod of time at the temperature of -he moid at ti^e'firne or ^nJeci>on 
iix:roasod up ic ■■ ■ point i^ct-.veeri .r^c rsmpai su.^-e of the moid at ti-*e tirte of injectiGn and the highest curi,ig temo-^^ra'isre 
ttnd, ;ifto> be^ns ma*r,tai!)ed thars for a co-tain perioci of t rie vxTeased agair. ijp to ttss- h-q^-st ..:.ui:r!« lon-.oeiar 
f:)^!(r^.,ed oy bes.ng maintair-od there for a oartaifi period at isrrie io ensure ct;rir!<;<; or iricrea,iod u;j to ti)e nianc-st crijr.no 
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ternpefature, arid fnainuiinsd ihsrs tor a caitain psriod of time to snsurs curing, 

[81 03| The • ims period fer whiah the highest curing tempsfjitijr&is maintainsci tor curiog jr? tiis raoie shouy pr^ferabiy 
be in ths mnge or &,5 to '2 hours, rnom prsferabiy 1 to 4 

|0t04| Aftsr bsmg removed out o? the moid, ihe ma-©rigS.?T!gy be afierciirsd aHsmpersture rsigher ihaj-s the hsgns^ 
curing;ismp«rat«re iri tr-e frsoki. in S-sis ease, ihe curing in the mold serves as prscure. Aftsrcure should pi sferabiy be 
psjr'ofmsd for 0£» So 12 hours, mors prsfsralssy for I to4 hours. 

[Oies| in g pfocess ror producifig fiber feinrorGsd corijpcsite maSeriais, such as aircraft rriaSerisi thai require high 
i-ssistarsGs, final curing rnsty be cgurfed m at a tsCTperatur© of 1 70»C to 1 SO*G. 

The h^o^!Ssl curing lemiaerasure is 1 7(y c io i 90"C in a prociess without an aftsrcurs step, whii« if sj-s anersure 
step is !nc!!.ii3«;d, it is perforrnsd at a?- gftsrcurg tsnipsraiure of 1.?Q°C to 1 SO'C, 

[G1C57I if atiercurs is to bo ps!lor)t>ed at 1 "/O^C to I SO'^C, the prscure temperature, that is, the {rsaxi.'i>ijrri •emperai ur© 
in the procure step, shoifSd prsfsrabSy be in the ran^ of Bti^O to 140«C. 

|Q1 OS] The- i.i^ciusion of a pracure stsp at 8C=C to i40''C serves for icost t^dycAson because it wiil ;be s^ossibis to use 
iow-coat fnoio niatsriai: toois and hea; scsufcss, 

[01 0§| Produoticrs of Jhs fiber reinforced co^nposite materia! 8C5c&rdif>g to the invsntion may be carried out net only 
by tns RTM srismoci bt:5: aiso by am rrietJiod tnai is desigrssc! for prociucing fiber feir;fo;x;-ed OQfnptJSit© matsrisi :fr&«>s 
isqijid opoxy resir; corr;pesfi:or!, stjch as 5::amenr vvindirsg, puitrusion. and hand iay-up. 

P110| The fiber reinforcs-d csmposit* mstsmi accos-ding to ?he inventic,!? compfises ssid rsir^tofcihg fi&er in combi- 

rsatsQ n with a curad prtiduot of said epoxy rssin according Jo the pressnt Invention used as ia matrix . In theliber res nf o;-ssd 
coniposile n-iatsriai aGconsifjg to the mveriiion, said resnforcirsg fiber shouid pi-efarabiv sceount ior 50-85% by voiun® 
in ord^sr & achNvs a Hiaf! si2^^^^^ 

|S111| Fiber feiafDmed composite ma'Sriais produced acccrding to th& presersi inveritiori ars no- iirfiiled to particijiar 
appiicatiorss, arid can s«!ve as niaSeriai for parts of alicmlt, ificluciing masr; wing, tail, rotor biads, faidns, cowl and 
door; ^arts o! spac&ci-afv, includsfis nK%r casa and m&^n wing; and parts of spscs satsilite tjody stuctufe. Thsy cm 
also hii used pretsKai:jiy as. sTiateriai for autornobiis chassis and raiiroad vehicis bsdy siirMcturs. 

^.samples 

|011g| the pmmx Invsritien is dsscdbed more h deta^ibeiowfoy usingexarnpiss, Forthe ©xatrpfes and oomparaaw© 

ax5ifr5f;5ies glvef^ bsiow, the foilowmg ntethods were used to determine the viscosity of epoxy resirs composiiions; the 
glass transition temperature, She Goegicieot p^to 

ucts; s^nd the 8' tsnsfe sfrgrigl, 0^ csoitsbfessive strshglh: hoi^sfet. (harsafter retefred ta as H^^G" cotnpr^saitfe 
strsn#< sad cy^i orfi!s«r»rcsd;c!0^ 

{1} Viscosity measursn'tent for ejsoxy resir, compositbn 

C011SI Th& Inm viscosity of an epoxy resin composition at SQ^'C, and its vi^cosiiy ^tter bol.nq h.eatsd at SO^'C for 
■.i w-^'-'^'^^e & r'- 0 A. DtyD«.oc-»eato &!8>''o*afior^ai\!«cof^eer<3)pr! -^abvTcK SangyoCo., 
r i \ - N J ■=e p\ ! JO '=D'-^ of t « c "^easiirements: 

(- !, w w"' p-^ .11:,, o o u Vise mote*- a 6^ cr ... ^ epaxy rosin 

cup «-'C "'^^na^s n "i^o ><J2os*y wejs 'nea'surwci lO'- ^our whi s kaopihf the e«p 



(2) Meaaurins) method for giass traRsition lerhpsratLirs of cured spoxy resin 



[01141 An eppxy rssin composition iM ir^scSsd into the rmoid, nested in a hot air drysr from 30"C af s heating rats 
of TS^C/i-nin: maintained, at 133"C for two hours or at ISO^G tor two iiours to ensure heat :Cunng,. and then cooled 
dov^n to 30 ^' C at a rate of a.5^G/mlr; fs^^^ 

pMISI Spabirnens ©? 12.7 rnrn in vsficith ant^ 55 ttm In l§h#! werecut otsfcf the cared resin plate produced &bcvs, 
and tiToir glass transition temperature was detsrmlnsd by the DMA moihod accor'ding tQ SAC!^^ SBM18R-94. in the 
curve of storage mociiiius, G', the glass transition temperstLire was d^ermined from ih« intsrseetlon of tangent in the 
glass stats and that In thotrarisiticsn stjatfi. _ .. 

[01161 Here, expa;is|patpe siscQdfesticity maasuhng aquipment, ABEa^SiipPliettbyBheamstric ^vsss 
used -mder too oi^nditions a. beating tats ol fmmm &pmmm,mA Hx,. 

(3) f^^fsasyrlng meti;od for She cooitlcisnt of linear expansion of cnred produc^t 

[011?| As In ths easp or |g) , an 8po>iEi? rasin composition was cured by hpating at 18^*C for two hotsrs to probuce a 
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cured rssin pSale of S tnm m thickness. Specimens of 6 rtirh in width arrd 16 fm-'m tei^ -iime m out of th^ curte-d 
resir; plate produced above, and tieated from 3G=G toiS0*G sf3 rate of 3*C^min m a '^A S?S40 Sfierrr^omechanicai 
anaiy^er suppiisd bv.l A insErumersts to determine thsir so&ff icisnt of iinsar expansion s'n Jfie temperature ranoe Iron 

(4) ii.'kasuring nsslhod for fl-sxijfai jrioduius of cured product 

[31 1S| As in iha case of (2) , ar? epoxv r&sin composition wss cured by hsating at 180"C for tv« iHiijfs io Drodiice a 
cured r<«s?n piats o? 2 mrf? ifi thtei^nsss. Specimsns of 1 0 rr-fn in witith and SO mm in iength ware ctii cjut of ti-se Ciirad 
resin pfefe producsd above, and a trvree-point ijending test was ssarried out under ttse candtScns of a tsstsfig spsetf 
inn-! and a stippo ri spars iongth of S2 mm to detenrRir;© th«ir f Sexarai maduiiiS according to Jl S K?203 . 

(5) ?i?Tsasarinf method for tensiiis^loRg^^ 

P119|; As in tfe ease # sisetidn f4.), spscihsns of 2 rto in thickhess, iO rrim In wtdfiiiand SO mm in serjgtii wsrs cut 
o-jt, af!d "smaii T pf2y type spscinr-isns iaiBsriSs^ g(,jj ^jged 

to dsts^rfnif'S ti-ioirtensiiis slcngation. ; 

(6) Msafe«f1n§ !??gthsd for 0"* tshsi^^ 

[01 20| Four .395 mst; x 335 mm plscss wsrs cut cut of URkM^nal:'isaH^-.^eii^'^^^ Pain vsf®av®; %Vafp; TBOOS- 
g4K-10G carsor? fibsjr suppifed by Tbray indiiStHes inc., fiber areaf weight 285 g/m2, Warp derssfty 7,2/25 rrirrs: yireff: 
eC£g2S 1/0 gsass fiber suppS!8d.b'>* IsislrJo 30s«ki Co., Ltd., wen densely 7,6;2S mr!^) , and piscsd one. on tos of 
anofssgr with theirearisanlibsr siigns?^ in tfieO'' dji^stiorsln a me^! ir^^ 6f 408 mm x 400 

^ n;rTi x i .2 mm, and ti-sen ll-se mold vyas siairiosd. Then, iiis moid was iieated up to SO"C, and an spoxy rss;r> somposiLidr; 
heated ssparafeiy sijsewhers at SO'C was i;i]ected with a rasin injector into ti-js moid ar^der an iniet pf«?3sore of 0.2 
iViPe Alter the compfetior: of inisctiers, the nioid was hms6 up to 130^C at s rate of 1 .k'C/n^n. and heat cunr^g was 
perfon^-ieo for two i^oufs at 130^C. foiioweci fey coo-ng down to 30'C and reiease f^e o>od!x:£ -or aftercure sfis'- 
fS!Ssas« of the p.-oducr, ti^s tompef^asre was .raised from 3C-C to 1 80=^C ss a iste or i .S^Cmin. toi;ow«>d &y ounni; for 

30 iio'^rs; at 1 S€*C • s-d cooiinc; down to 30*C to provide fiber reinforced conposits m^tenai 

[01£-5] A pisoe o1 229 mtr; In isngth and 12,7'?T:rr! in width was cut out of the fiber reinforced conpos'ie mssSeria; with 
its tengih di-i-sotion aikined in the o== direction to pradace a specimen for tsnsiie strengm tesf^ng arri ihe 0^ tsnsfie 
sire,r-;gih of fiPor reinforcsd oornpcsiis nunierial was deiermi.risd according to ASTa;i-DSG39 u.«.!r!g a uhiversaf ma- 
tsriais tsstlns n-»achlf^«; (fvlodei 4£08 suppfied by instron J^an Co., Ltd.). The cross head spead dudng measurement 

ss was 1.27 ■nmAnih and th&.'Tieastjnngtemperauure was 23°G. 

(7) ivieas-jring meShod f<jr 0*' compressive strsnjgth of fiber reinforced composifg matenal 

[01221 A pieee of 79.4 mn^ in iengtii and 12,7 rnm in width was cur out of fiber relritorced composft&materiai prodijsed 
■^^ i:>y me s-.arno procodi-sro as in (S) to produce a specimen tor 0" compressive strength ieslinc). s-no tno &- conipreaeive 
STrsngJii of ths fiPsr reir>forc®d composite maten'al wsas detenninedacoordingtc ABTM DBQS using a jn^vsrsai rnatsriais 
Jessing .-^.seiiine (Modol 42&S -sepniisri by Instron Japan Go, , Ltd.), The cross head speed dudng msasuremeni was 
1 .2;' m!T..''msn and s.tse nisasuiing temperature was 2&''Q, 

''-5 (&) ivfeasunfiij method for H/W (y'-mrpmska strengif! of fiber reinforosd composite materiai 

[01 13| A specirn 6n for 0* comp ressive stmnglf^ testing prPdudsd by the s^rps prscesdijf©; as ir> ^8) was immersed in 
wan-n waU!r of for 14 days, arid its 0= coitipr^ 

SO (g) MaasuriPg msfhosf fdi O^i pf 1^ 

Pisces of 39g mm x 3S5 mm were cut out of unidirijctiona! carbon fiber fgfarip (pfain weave; war^j: TSOi)S- 
24K"ie(; csrbdn fiber suppfied: by ^ray ln^^ area! W^ifiht'Sss §iV#g, #arp^ nmx wsfi: 

ECE226 1/0 1 Z gi^iss fliser suppiied by Mittd SoSski %;:*UdV: wsi* eferfeity 7;S^S Isim): M tf ^ were then piaced 
55 ofse on tGp of another b a metal moid having a plate-shape eavife? of 4G0 mm x 400 mm x 1,2 mm, Jn the direction 
of 45^ O'^ . -^5" and 80" s-espsctivaSy (fspeafPiifiifgelim&ss rgiativs S^) me dirss^tioP of dfbof? flbar, wiiieh was derined 
as ihsD'' ciireotion.foilowad by another 12 pieces being piaeed one on top 0^ .45«^ 
and 4S^' respectively {reffeated tllfds times), ahd the Psold?sf^s dahnped. Tiienvfi^^ mdd vs^s heated to 70"C. and an 



epcxy rssin eosTsposson hsated ssparatsSy sisswhsre st 70=C was injecled with a resin jn| sctor Into the mofd undsr 
an Mat pressiirs of 0,£ ^y1F'a io achievs Impregnation or the reinforcifsg fiber subsirsie. After the con^slstion oi impreg- 
na-Jon, ihs snoic' wsss hestsd up to ISO'C at a nate c! 1 .S^C/msn, and mairvtalned lor mo nours at iSO^'C,, foiiowed by 
cooing down to oO"C and reiease of tns producr. For attercyne after reiease of the prodiict, t^e tsmpsrsujre was raised 
s rrorri 30"C to 130'C Si a rafe of 1 .5*C/min, toiiowga foy ciifing fp^r two rsours at tse^Q ana eooifog tiawn to SO'C Eo 
provlce fiber reirr'OsX'Sdcofnposi;© rriatsriai. 

|0125| A pisxs of 101.6 n^rfi Irs widiii and 152,4 mrri in iengti^ wascisicjutqi tiie fibsr'reinfsixjsd csfTsposiie material 
prcidtiofid aiscve, to prodisce a spscirnen with its is.ngth direcfioo aiigned ;ln the 0* difiedterij and CAi «as deterniified 
accordifjg to the Boeing testing irsethod BMST^O. The equipment used was a Mooei 1 12S tenssiop. s-jppiisd by instmn 
Cojporation, s-sere, the drop iiTipaoi: wgs 3.7 J/mm.. the oross head speed during misasuremejit 1 .27 rrm/rrjin, and ths 
m8£sSs.:rin9 tiirripsnst-yre g3"-'C-. 

[Resirs! iTi^riais] 

[01SS| Ti-js fefjoxy: ressri, jjslyarniris, and aaiSiWator described beiow mre issed iro |^^!«rrjf?ies Ir? a^^^^ cpmparaa^^ 
sxafnpiss 1 -3. f^Seasiired composition and other properties of ths>spox5^,m#? cofjnpDgiilans uasd In axarnjJies 1^? 
OGftipif-ratiysj axampisss 1-3 ars 

so 

"i^pikotsy' (N,Ns04ngi;^idyl"p-arninophsnos suppiied Japan Epexy Rssins Co., Ud., epoxy equivalant 
wsight 9?, 5). 

■25 ■ "Araidste" MY~721 (!^,.NjM^.hl'4stragiycjdyi-4,4'-diamino-diphsdy!methar?e, suppiied by Vantico ltd., epoxy squiva- 

"Celox'id-- 2021 P ;5,4oposycyc!ohexyliTl8ihj?i-^3,4-sp6xyc^dohe>^^ GtsertileaS industries, L^,,- 

S5j;i0xy «;§uivaSentwaiglr£ 13S.S) 

"Hsroxy" 0 |digiy:pidyi siher of neoper-lyiena giycol, sappiisd by Japas Epoxy Resis&€o., lstd,. 8pi>j4y equivalent 
Si5 wesgl'it 13S). \ 

"iSpik&te'' $07 (diglycidyi sttiar of bisphep^Ji PsiStjppiieci: py Jaisan Epcxy RssiQs Ce,(:Ltd.,^&xy:.aqyiwaier5t weight 

• "DmscQf EX721 (dlj3:^pjdyl ph^siats, j^^jiiaci t^. N$s^..K^ l5:o^.Qp,».i^5,:<p^«^ai«s^em.we^ 184 

55 Othar aapxy resin 

[0128] 

"AER" 41 S2 (epoxy resin havif?g ?• oxazoiidone ring pa-5ciuc«d by reacting ?a'o moieouies of digiycidyS ether o? 
<® bssphenoi Aarsd^nsarnpiocufeoi toSyienedjisoc^anate.sup^^ i.td,, epoxy aquivsiiefii: 

weight 34s) V . " ■ . . ^ 

Coniponsrjt (2); arfiftiSiSc ppiy^^ 

■ "E^picura' WCdis5SiyHol«s i3y.iapan%o«y Bssip^^ 

'^'S) ..... 

Gornpt5.nsrit (8); dianiir^odlptisnyl sulfans 

S.o'-JJAS :S,3' c3iani;f:Ddipt!Sfryi sulfons, suppiieo by ^^stsuji Kapjlsu FioeGnsrnicais ific,, acsiva ftydrogt-n equiva- 

^ isnt vysiphi SS) ;. 

'■■&.;;rri!cufe" S {4.4'-diamir!£5dipti:ir:yi saifone, SiimitorriO Cnerrsicai Co., i.ici,: acJIvt^ hydfogsn squivasant weigin -32) 
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• PTSP (propyi^p-reiiosn&su donate, suppissd by Wake Pure Cf;r?>rricaMrtdus5rigg, L^.) 
■ TSC (4-S3r?-bufv'1mlfe;h!>U^:ppiied by Ube Industries Co. ^ 

Example " 

CDiSSI Orii5 hiindred (100) parts of "Epikote" S30, selected as oompcnsfit p.), is used as Liquid (A1}. Severity (70) 
parts of "Epicure" VV, seiscted as compofient {£)< and 30 parts oi 3,3'-DAS: seiscted as coiTrpGnent (3), are j-nlxsd and 
siirrsci tor ona hour at 100*C un£i! S,3^-DAS is dissoiysfei homogensousiy to provide liqoid (B1 ), f\iG prs-sspitatioo took 
piac€?!syqyi»015:w^ 

[S133| Or>0 hundred (106) parts Pf isqisicJ and 50,S parrs of iiquld (81 ) were rrsixsd to or&dtm m epoxy rsSSin 
compos^ian. foiiowsd by maasursrmni of its initial viscosity at SO"G and viscosity a^r s!:oi'gt& fer' c«fe haun which 
were found to be 28 eP and 3S cP, rsspectively; showing that its viscosity was sutficfentiy Sow, 
[01341 Tfisn , cijrsd resin plates wars prodsjced by jha metScd cieScribsd above and their properUss were measufed, 
witti results indicaisng ii^at i:hsir glass tnansftiors ten^perature after cumg at 1 30"G for -wo iiours and curing ai 1 SO"C 
for tm. mm wss 1 09=C and SgS^C, ra^ctiveiy, and that their coeffjcient of linfear expansion was e..7 x 1 o-^K*^ , 
[D135| F;!rther, this spoxy rssin composition was used io produce fiber reinforced corrpcsite n-sateriat, foiiovved bv 
msasuremsm ef its r t«nslte strsrigth, whteh was foundfe be 26S0 sh0wing tt5at its strength was sufffcteniiy .High. 

Exampis 2 

[£I13S|: Liqijici (Al) was prepared by the same procsdurs as in sxampie 2. Sisventy {70) parts of "Epicui®" W. sstecfed 
as comporssnt (2) , 1S parts of S.S'-DAS: S6iectsd as cc-r-porsern (3), and 15 parts of "SLimlcisre'' S were mixed .snd 
stirrsd ler sne hedr as Unti! S,3'-DAS and "Surriicur©" S were dissoivsd ncrrvogeheeusiy to provkJe iiquid {81 V 
No precipMion took place iraiquid iSI } when stored at 6''C for 30. dajfs. 

101371; Ofts iTuitdred (ICSO) parts ariiiiaid ^AI) and S0i3 parts or^ were mixed to pmduce an epoxy r^jsin 

corr-p^ssitfori, foiiovvsd by msasursment of its initiai vissosity at 80'C and viscosity after storage for one hour,' which 
were faupd to ise 2B cP ar;fs S3 cF; respt:ctivsly, showing thigJ its viscosity was suffiCtsntiy iow; " 
[01SS| Ti-:sn, cured reijirj piatgs were produced by ti^e stsethod described .afeove and their properties were n-^easured, 
W(ti> r&suits indicating thsl their giass transitiosi ternperalurs after curing ai 130°C for two hours af?d curing at 1 SiTC 
fortwo i-iOLifs was lOS^O and 2Z5"G, respectively, and that thsir cosffident of itrxgar expansion v?a& 8.7 x lO-SK"^, 

iXxampie S 

raiSSf i..sq-.;!d ^Al ) wae preparsa by Use same procodure as in esxampis 1 . Further. 2 par-s o? PTSP, used as ac-osi- 
araiof, was addsd to isquid (S-i ) prispared in e3(ampi&2to provide a rsew ilcjuid (81) 

iSl40| One f^undrec (100) parfe of iiquid (AD and 5i .3 parts of iiquid (B1 ; wore mmid sc produce eposy r^ts^r; 
con^p<..:5it»5n. foitowed i:.y nieas'jre.^^.t-nt nf ijs init-ai viscossty a- QQ-'C and viscosiiy after storage as. SO^C for one hou;, 
wi^ict! were found ^o be ?4 eP arsd 79 cP, respectiv&iV: shov^ing that its viscosity was suffidentiy Then curod resiti 
psaies were produced i;y li-ia merhod dsscnbad above and fiiair properties were measured, with resuits indcating that 
ihe;- gl3s.r. uvins-iilof- ^^rnpe;sdu^e afier csjrlng at 130='C for two hours .and curir-g a- ISO^C for tvvo hou-j: was -airC 
.^nci ?- :7-c a>.spec!V5iy The tjlsfs ti-ansaicrs teryjperature after curing at ISCCfortwo hours was r^sgher ttian in ex- 
artipie £ fsfJis-^C), si^towing that UK-i low- te.n-iperalure hardsnabiiity was improved by adding the acfisiefator. The coef- 
ficient of linear esparssion was S,? x ; O'^K l 

Exampie 4 

r0141| i.iq;jid (A1 ) and liquid {B1 ) were prepared by thesame procedure as ir* exampie 3 sxeeryt that two carts of 
ISC was addijd as i-ccsiemiorinstesd ef 

f014S| One hisndrsd (ISO) parts of iiqald {A1) and 51.3 saris of i!<;uid (B1) were mixed to produce an sdosv resin 
r;r)n.pesitien, foiiswed by rjieaeurerrjeftf of its initial viac6£ttV at §0*C and viscosity. after mrage al 80"C tor one hrsur 
which were fousid to be 32oP and 11ScR respestiveiy, showing t?>at its viscosity was sutficientiy low. I hen, cured resin 
plates were pmduced isy tf^e method described above and their prepsftses were measured, mth resuits indicating that 
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tn&if cjiass transftior, temperstyrs after euring at 130*G for two hours and curing st i&QHi fop tvv;> hsum wss ISI^G 
and 227*C, j'sspecUveiy. Ins glass •ransition tsrnpsratore ansr caring at iSO'G for twfG hours was higher than m sx- 
arnpis 2 ( i 09''C), snowing that ihe !o*f tenjperature hafdsnsblSity was imgsx^ved by adding the acalsmtot, TM cosit- 

Exarnpie 5 

[D14S] Liquid ;A1 ) Vs^as prspared by the same procedure as Ir- exampte 1, Seventy (60) parts; cf "Epicure" W. seiecJed 
ss cornponeni (2) , and 40 parss of 3,S'-DAS, seiected as cofnponeRt {S), were irsixsdafid srirrsd for or-.s hour at 1 G'TC 
'0 until S.S'-DAS is disscived hsmagmeousiy to provide Squid (81). No prespiitatlon. took pteoe m Liquid (B1) when stored 
ai S^'CforSa days. 

[8144| One hundred (100) paris of iiquid (A1) and 51,8 parts of iiqusd (B1) were mixed to produce arj epoxy r&sln 
composition, foiiovyad dy msasursinsnt of its instiai viscosity at 80"C, which was found to be 38 cR silowing Jha? its 
Viscosity was suSiciantJy iow. Then, cared resin piates were prsdtseed by the rnsthod descrissd afoovs and tiieirprop- 
■ss srti«s ii&m me^Ur^,>%ith re^uits Indicating thattheirgl^s t^^^^ efSsr curing at l3G'G;:for t«f«5 fsoors 

and curing at iaO'Oiijr two hoy^ vwa? IGS«C a;r^d 2M'C, i^sp^etK^^ 
was S.7 X lQ'%-'i , 

Exampis 6 

[014S|i roriy (40) parts of qeioxide' S821P, seiaeted as eomponetst (1), 10 partsof "HsTOxy* Sg, seiseted ss another 
compansnt (1 ), and 3D pans of "AER" 41S2, seiectas as "other epoxy resins." were n"!ixed and stin-ed tor csns hour at 
t20''C, &V0 aflsr cooling down to 70-C, 20 parts of "Anaidite",MY-721, ssissrsd as stiil;anGlh8r «ompGf3eni(1|, was 
sddsdj foiSowed by stirring f»r ■nl.sing rer SO rnir^utes at ^O'i'C. to. provide iicfuid :(A1>. Then.. 77 pans of "Sfsieurs" W, 
s^ec^ aswti^m 0.. «r«»-J^ pam; <^ 3,3'-0AS, ssiscted ia®.c«»npc-nent(3| . ware mixed ah6 stirred fo-r one hmr 
at 100"C to achieve ho--ne§ensous dissoiytion, and after cooling down to WO, 1 7 parts of SFg>pipeddin€ cornpiex 
wa« added as acceierator: Stitrsig wss/pijfforrned forftifther 30 minum. at 60*C to achieve r5omQges««so&:dfesofi!t;idn 
of S.S'-PAS, and tn^ rssuiti«g fnlscfefs was used as is^uid (81). Ho preeipJtatfcri tGok piace sn U^sifid #1) 'ssshesi stored 
at 5=G 'for SO days. 

t014Si Oris iuindrsd (100) pans of ilqnid (A1) and 32.7 parts of iiquld (B1) wer&.mixed to pfoduee an ^Gxy resin 
compcisition, foilowed by msasursrr.ent of its initiai v!scsjs% at 80*G, whish was fi3u.rtd to toe 71 qP. showing thai its 
viseosliy was sufSsientiy ?ow. Thq.n, ctsrsd msln piates V!.<sr8 produced fey the m«t^ip«idescFJb0d shave arid ti^eir^^^ 
srtses were nisasi^rsdi witii .rssdits indicafing that their gisss transition le;T;peraiufe.;pgr©UFing :ar TSS*S fortwo Mm 
and cufing <k 188*€; lor l^p hoars end I72»:p,.r8sp^t[yfiy< and that their Qosfffsisnt of iinsar expa^ssion 

53 was 6.5 X Fiirt^r: ti)b spoicy re^iri sslripos^iors was i^ fiber r®iRtots§d qsmpositg rrsstenai, 

foiiowed by measursmentot-Mts t^ssiie strength, whish was fsund.to be284S MPa, sissvsifif?§ that ^ strsrtgth was 
sufficierstiy i^igh. 

Esa!T!j'3t® 7 

.so . 

Tvvonty .20) nf-ris 'jf "gaikoie" 807,50 pans of "■".Araidtts" m~721 , and 30 pasls of "!::'«:n}JDol" f':X721 , all seiected 
as coreponeni ^t). wtjrs rn;X8fi and sttrrsd for one i-'ouf at 60'C to provide ilauid (.''■I' 

[D1 4S1 Then , 56 & pa^ -s of "iiipiCiire' VV. s:-;iecfed .as coniponen: (2), 22.2 parts of 3.S'-DAS, 22,2 pa.'is of "Sun-:ioi.i'c" 
ii'-.'-in se'teced as cnn -nonant (3), snd 3 p,=ifts of Cuaxori 2E4M2, ssfsctsd a$ acceierator, wsrs mixad -and stirred for 
■*5 one nour at \0Q'O io; isoroogeneous dissoiuiion to provic'f iian'd {R-i" ts'c prt-K-.ipitation XocM pi.acp in i.fc'jid ;Bi ^ wi- sn 
stored at S»C tor 30 iims One hundred (100) parts of ih^uia anc 33.4 oarrs of liquid fLVi) A'oro n-^txes to vvosma 

opoxv 'es^n co^iixiSH^o';, foiiowsd by ni&asurenngnl of its initiai viscosity at SO*C, which was found to be 3g 
sfKisving fnai its viscosity v^ss sutticie^tly Sow. 

[0 r4§| Th^n , cured rssin piates wens produced by t i^s method described above and t i^sir propsriies ware me,asiJ rsd . 
^ with resuilS indicating that their glass tra;nsli;ion tej-npei^tufs after curirsg ai 1 30*C fcf Ivsfo hours and curing at 1 8C-C 
for two hours was 121 "G and Ue^C. respectlveiy, and thattheir coefficient cf isnesr exp-afi-^iGn vv,as 6.S x 1 Q-^K' ' 
p1S0| Funher. this epoxy r^in co.'npiJsSlon was used to produce fiber reinfofsed cofrsposits matsr:ai, foilowed by 

Comparative exas-npfe 1 

|0tS1} Ono hund'^sd (100) parte of "Epiiiote" 630, ssisetsd as component (1 ), and 100 parts of ■'Epicure" W, seiected 
as cemporisnt (2) vsfsrs used as iiquid (Al) and iiqijid (Bl), respeotiveiv 
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fOlsaj One hisndrsd (100} pa-Is of iiqwid and 48 parts of itquid (81) were mixed to prcduoss an epoxy resin 
conpossUon, foStowsd by measurement at its viscosity at 8Q»e, Which was found to be 15 cP, showing that its visccsify 

. was siiiSicsentiy iovsf. 

(S153| Then, cured resin piates were proc&jced by the mettsod dsscribsd above and tf58trpropeftf«s were maasursd, 
5 viiith resuls indicating that their giass transition terriperature.gftsr curing aif 1 SO"C for two i^ours was 233"C and Eftat 
liisir cogificlent of iinsai' axpansson was 7.5 x lO-SK- ■, showing that the coeffieisnt of iiriear expansion ol-&er-/&o in tiifs 
ccJfTipsrativs exsjTipfe whish used a srn^ler amoum of ecmportent {3) thsn requiredfcr the present invsntiof. was hl^iisr 

thars in exsmpie i , 

[01S4|' Fsjrtrier this epoxy rssin composition was s^sed to produce fiber reinforced composite n-fateriai, foiiowed by 
sneasurefnent of its 0* tensile strertgtf^, which wss foiind to be 2380 MPa, showifig tr^at its stfengtii was lower tiisn in 
exampie 1. 

Conparatsve example 2 

?5 [01 SS| Liqaid f A1 ) was prepared by the sat-ne procedure fn exarrTjfiie 1 . Then, 77 parts of '1':pscurs° W. sslectsci 
es co-Tsponant (2) , and 23 parts ot "Sun-iicure" S, seieded as component (3). wsrs a-ssxed ssnd stirfsd for one hour at 
1 0O'C to a<:hssve non-iogensous dissoiuUorj, and after ssoiing down te 7iTC, 17 pajts ef SFg-piperidine compiax xsas 
added, foilowsd by further stirring for 30 minutes at 70*C for iiomogeneotjs dissolution to provide liquid (B1), Said 
iiqyid (81) contained a smslisr amount of coraporiant (2) ti^an reqiiired for the present Invention, and accordsrlgiv 

so pfscspitatjon of ciystais wias seen wtssn tiis liquid was scored for SO days at 

[01SS|^ One frtmdrsd f lOigj p^rts of llqi^id and 3^.7 parts df Jiqaid #1) wsrie mixfed to psxsducs an s^jsoxy r^ssin 
compositiori, foiiowsd by .-neasurs^ier^t of Its initiai viscosity at SO^C, vsnicfi was found to t)e BSO siiowing ftisi its 
viscosity was higirer tharj in sxampiss. Then, cured resin plates were produced tsy the r^-iethod dai-oritjed aisoys and 
ti^ssr properties wsrsmsasufsd. Viith rssui^^ l3t)"Cfor 

-^5 two l>c!!jrs and c-Jring; si 1 80"e for tws hours was 123*C and 172*C- respcctlweiy, and tf^at th:^ir cdsffsGisnt of linear 
expansior! was S.2 X' te"^i<-\ 

|01 S?| fij rthsr, iMs ^i5% rsshS sbi^spdsttjert was ii^sd to produds f5ber reiftf si^cied ioerrtpcsUe material but ti^e resott- 
mg fiber rsinfofosd ddrsTpssaits mafsrias was so high 'isi the visctesiity at 8Q*C that It cohtsinsd uhprsgnated pertiGn?;. 

^ Compsrativa example 3 

[01S8|^ :Liq!jid(Al 5 wasiprsparedliy ihs same procedure as in exampis 1. Tiie, 91 parts of Epicure" vV, s8iscted as 
compensfS 0 , 4,5 fsarts of 3,3'- DAS, €S parts o^f "Sufriieyts'' S; mih s^feeSed ias esEinpdftent (3) , and 3 |58fts of Cuaxed 
2£4fs#!2issiecssdas*sjeiemtef;ws!^mi!R^^ ofS-S'-D^S 
3$ 8nd»Sbrnici)r8" S 5P pri!5videfe^ pfeeipltdtidiii tooic piace in liquid 

(S1»8| One i^undrsd (100) pans, of liquid and 3S parts of liquid (S1) were mixed to pfeducs arj epoxy r-jssiri 
composition, and cu;-8d resirs pi,=5js!s were produced by the n^ethod deseribed above and exa^Tiined io det^frmino ti-iO'-' 
propSit!«s, wit,^- yesults Sndicafirsg that their glass transitron tempes-afurs after ciiring at 130"C for iwo hours ana alxer 
curing at leo-C- for two j-sours was 1£5=^C ano 1S0"C, rerspeciiveSv. and that >he\r coefficieflt of irrtesr expansson was 
7,3 X s.nc-w(fig ttiai irsc cosfficisnt ot linear expaiiKicn oDsc.rved -.n rnrs comparative exampio whio;-; used a 

iargsr 3rf?ojsr!l oi component (2) than reeuired far the prsjssnt inv'entibn was higher then that seen in exa-mpic 7. 
P1S0| i^Lidher, tiiis spoxy >-esin cosTiposition was usee! to prccuce fiber reinforceO corjiposlle mat^riai. fPitowed by 
n;»s3;.!i-emenT ;ts 0' isnsiie strersgth, wiiicf! was found to be 2520 ^^Pa, si--owing tt!»t i<s s-rengtn was iovverthan inei 
sesf! in sixampie 1. 
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Compos^er^t (4): eposy reslna with tn- or higher f-jnstionsiity 

• "SpiKots" 630 (N,N,p-irigh/elciyi-'p-s-rtinophe:nQi, supplted by Japan Eposy Rsslns C-o„ Lid., epoxy eauivaisnt 

vssigi^t 97.5). 

■ "Araldste" MY-7ai CN,N,N\N'4etfagiyaidy!-4,ii^diam!no-d!pher?yl(T!glhans, suppiisd by Vantice LM.. spaxy equiva- 
ier.swmghi 113), 

Componerii (5): aromaiic spoxy resin wiih di-furjctionality 

[Q1S3I 

"Spikote" S25 (aisiycidyi of bisphenoi A, suppited by Japan Epoxy Ressns Go., Ud. , e»oxy sqtiivaisnt Wisight 

• "Epscidr;" f-;p-7gG0L (poiygiycidy: ether in the forfrs of a corsdansalicfi prsduct of phenc: snd tisqifcofesritadisne, 
siippiiad by DaSfiipppn Ink Ari^i Cnsmiesis, iricofpofated, §poxy sqiitvaient weight 246) 

• "ipicbfi" HF-403S f?jigiiycidyl ether of 1 .S^dihydrexyhaphmaisne, suppsilJ by Oainippi^n ink Ans3 Ch<smicaiS; in- 
sofperatsd, fipG>7 squival-Sfit vy^giil 180) 

Oti^sr spoxy rsslri 

[01841 

Ai<-801 (digiyddyi iiexahydrop!ith.=iiat8, supplied by Nippon Kaya!<u Ltd., epoxy squrvaiant weight 154) 
Co?T5p>3n9n? |6;s; aro.iTs8tis poiyamihe 
C01SSI 

"&|ii«?yr®" VV (dia^thyS to!u®r,sdiamina, suppised by Jgpan Epoxv Resins Go,. Ltd. . acsivs hydrdgsn equivaiefit weight 

3.;v DAS {3,3'-diafriinodipheny! soifens, sappiied by Mftsis\ Kagaku Rne ChSitilcais inc. active hysirogsn sqyiv- 
ai<sm weight 62) 

"SuiDicure" S (4,,4"-d!8rf3ir!Odiph0r;yj suifone, suppiied by SiirrntorriO Ghemicai Ltd.. active .nvdroqen equiysiiern 
wPight62) . ^ . 

Acseii^ratof 

mm 

PTSP (n-pfopyS ssts.' or p-iDiu-sfiesLs; fonic- acid, suppiied isy VVaitG Pure Chemisai industries., Ltd,) 

• T8C Oeri>buwi catechol, suppiisd by UPe ir-distries 

i^xarTjpis 8 

[0167^ ■] nitty SO) pails of "Araidits" hiW-J2t, ssiscted as cssitsponent (4), 50 parts of "Epikote" S2S, seieded as 
t:on-:pDns.<nt, (5) , and 20 parts of 1 , ssiscted as "otiiier spoxy resin", were mixed and stifrad for one itour at 70'C 

tv> provids iiqtiid (AS). 

|0168| Thsn, 65.8 part.? or "EpicLire" W, 22.2 parts of ;i3'-DAS, and 22.2 parts of Stimlcure- S, all selected as 
c:ornptsnsr!t .(6), wsrs mixed arsdstirr^sd ior ons hourat 100-C, and after cooling down to 7C^C, 2 pa-ts of Frs!^ seiscias 
as adceisrat&n was added; fdlifeyaed fey fiinhgrstirnngtorSO minLites at 70'='C for homoosneous dissolLstior; of 3.3'-l3AS 
and "Safriiottrs" S to provide iiqtjid ( 

Or^e i-iur^dmd (100) parts; of Ik^uid (M)and 36.3 parts liquid (32) were mixed to produce a>^ eposy rossrs composition, 
foliewsd by msasu^errtsr^ of its irritiai viscosity at 80=0 and viscosity aftsr srorHse tor one hour at SO'C. which ware 
tOiifKi to be £71 cP arrd 894 gR respsetiveiy 

[01S91 Then, cured rsain piafes wers produced by the meti^od dsscribed above and their properties worxs measured, 
with results indicating thai their glass trattsi^on tampeiBturs attercuring at 1 SO^'C tor two houfs was 1 HO' G wi^iie fiseir 



fisxufsi n-:OdiJ(us and tansils eiongsfion wrs 3.3 GFa and 4.S%. respeotivsly, showing thai Ihsy had sufffeisntJy hiQh 
hmt resistancs and good medianlcai properties. Fut^er, this eposy resin corrspcsition was used to produce tsbsr 
feinfofcecs corpposlte rriateris!; foiSowsd by msasiiremant of its 0= •enssie strengtfi, «;hich was roijnci io be 27S0 sViPa, 
snowifsg tn^ iis stf^ngm was sufficlshtiy high. 

[017SI Tfiiiiy (SO) pferts of "EpiKote" OSS, ssiacted as cornponsm {4), SO parts of gpidon HP-7200U seiecJed as 
cofv^nmm (S) , and 28 psrts of AK-801 , selected as -othe.'- epojQ' rssin", mbced and stsrresi for on® ho«r st 75'>C 
io provide iiquks {AS). Liquid (83) u^sd \r> sxasnpis 8 vvas used ss component (6). 

0ns hundrsci 000) parts oi siquid ?A2f arid 34.2 parts of iiqiiid (B2) wofXi msxsd ks produce an spoxy resin 
corripPsltioh, foiiowed by measur^jsnt cf its i,iltial viscosl^ at 8e*G and vsscosijy after storage for one hour at 80'C, 
vifhsoh wsrs found to bs 95 cP anri 238 cF, rsspsctiv&iy. 

[8172J Then, cwrsd fasin ps«ies!s®rs produced sy the msihod descnbsd siseve and thair properties w©f a fn«?asijmd, 
with rfssuits Indicating thai thsir glass transitionterriperslure aftsrcufing at imCiottm nows^s^^B^ ^Btkm 
tiexuraS modijius and tensiis elnngation wars 3.3 GPa arid rgspsctlvsiy showing 'hsi; ihev had suffiofentiy hij^h 
l^eas rssistencs ar^a good msohanicai propertfss. Fursijsr, this spoxy rssin conr;pos!tten xivss ussd to produce t-i^er 
rsinfpi-ced composite rnatsdal, followed by measur^sRt of 0° tsiisile strength, vyhieh was found txs be 2S70 UPa, 
showing that its strsngih was si^icientfy hlsh. 

ExampisIC 

[D173| Th?;n, 20 parts of "Sptkote" 825, SO parts of Epicior; !-iP-4.C32, both ssiected as cornponanl (5), jsnd 20 psrJs 
of AK-801 , s«i8ctad as ^oitsar epoxy rssif}": wsrs msxsd and mmo for one hour at 1 20<'C, and after eooling down to 
70"(;. 30 parts »f "Spii^ots" SSO. salecfed as compongsf-t (4) , was added; fotiowed by further stirring for one hour at 
70*^0 tp provide liquid ;A2). 

[0174| Uq«id(B2)assdins)$an!P!sawssu5fidascon-;ponenU6). 

P1?5| One hundred (100), parts of liqMid ^A2) and 38.2 parts of liquid {Bg) were mixed to sroducs sn epoxy r«sii^ 
compdsifen; folfoiStfsd by rneas-Kefnent of its maS viscosity at m'Cmd wiscosity aSar storaae for ons hour st 8C*G, 
which wera iound to ba 33 cP and 95 Gl^ fis^eotsveSy. 

fOI-mi Then, eoreci rosin pisstss warn p*raducsd..by th§ moihod described above sns their properties were msasumd^ 
with nssalts indieatins that thsir glass transition temperaujrs after curing at 1 §0'G for two. hours was 1 81 whiie iheir 
flaxiirai nsodulus and tensile elongation wera S,s GPa and 4.8%, respecUveiy, showing thst shey had sofficientiv high 
heai rssistance sr)d good rs^ochanical properties. Further, this epoxy resin composition was usad te psoducs fiber 
rgjnfcrosd composite matfirisi, fcliowed by rneasursrrjenl of its O" tensile sirengtr;, syhich was foLsr?d to be 2670 UPa. 
showing that its strength was .siigicfsntiy higii. 

Exarrsple 11 

[01 77] Than, 20 parts ol "Epii<ote" S25, SO parts of Epieion HP-4P22, both seiootes as csmperisrst (S) . and 20 parts: 
of , ssiectsd as "othsr epoxy resin", wem mlxacf and.sttfr^:fpr of?s hour at 12Q«C, and gfter cooiing down to 
7Q'C, so parts of "SpiKots" 630, seiested as coryponent (4) , was: added, :foiio»«d.by further slirrinqfor one hour to 
provide iiqaid {AS). 

piTSJ Then, 6a.8 parts of "Epioura' W, 22.2 pads, of 3,3'4>AS, sad 22.3 parts of ^Surrsieui-e" S, ail mkicm as 
ooniporjent (6), wars rT5i3<ed and stirred tor am 'nm &i 1 SS^C, and afisroepilpg down ic 70''C, 2 aarts of TBC, selacied 
as aocselsrator; was added, Mowad by further stlrrins for SO minutes at 70*C tor homcaansous diissoiution to orovids 

Or^a hundred (100) pads of isqald {A2) and 3S,p parts of Isq did (B2) were mlx^^^^^^ produce an eoosv resin 
cornpos^ittr?, foiiowsd by measursmeiit of its inigsl vlssosity at 80=Cgnd vtssosity sSer;sto?sge for one naur at SO'C, 
which were found to bs 70 cP and 1 89 cP, fsspectiveiy, 

[OISOJ Than, cu;«d rosin piatos wes^; produced t>y the metf?0P desorlbed above and their properties were fpeasiirsd, 
with rssuSs indicating that their glass trar^sitiorv tsmpersture after curing at 1 80'C for two hoLirs was 1 82''G while their 
fiexurai moduius and tensile alongailon wars 3.3 GPa and 4.3%. respesSiveiy, $hovm§ that &voy had sufficieniiy nign 
heat rssisianse and good mechanical properties. 

Further, this spoxy riasin composition was i^sed to produce fiber r^?ir^ofo©d comoosita matehai, followed bv 
msasuf ermnt of its 0" tensile sfrsngtn, which was found to be 2760 MFa.. shewing that Ifs strength was sufficief^iy hsah. 



£P1 4S4936Ai 



Sxampis 12 

|D182] Hers, 20 parte of "EpsKots" B25, SO paris of bpioioa HP-72oe, bctn saiected ss componsnt (5) , csnd 20 psrts 
of AK-601 , fisiectsd as "ojhsr spoxy rssin", werg mixsd and sti-rsd for one hour &i 120*C, and cooling d(>wh lo 
s 70"C, 3G parEs o? -^Araidii®" m-Jli , selected ss component {4) , was addgd. foiiowec by Tustner stirring for one hour 

to psovide iiquid (A2). 

i;0183| The sams harden&r as m exsmpis 1 was ussd as Hquid (B2). Or:s hiindrod (tGO) parts of isquid and 33,S 
pasis criiquici (82) mixed io produce an epoxy resin composition, foiiowed by nieasurs?T!ent of its iniiia! viscoaitv' 
at. SO"C arsd viscosity after storegs for one hour at 80='C: vsrftich wsrs found to be 137 cP snd S45 cR respsciiveiy. 
[01 84| Then, cured resin piates were produced by ti^s method dsscribsd above and thair properties wers measured, 
with results indicatirs^ tnat tneir glass transifipn tsn-.peratursj after curins at 1 for - wo hotirs wes 1 yS'^C whiis their 
fisxufa;mc5d«!us andtsnsis8 ®i&ngatien were 3.3 GPa and 5.2%, respcetivsSy, showing Eiiat srsey i^ad su-fffeientiy i^igi^ 
heat resistance and good n^sciianicai properties. Fiirthsr, ihis spoxy resin composition was used to produce fitser 
reinfojKSd composite maionaij fciicswed by measarerrseni: of its 0° tensile strsngtti, which was found to be 2740 MPs, 

CcrTjpsrsstive exampitj 4 

[S185I Eigiity (SO) parts of "Spi!<ote" 630. selected as component (4), and 20 parts of "Epikote" Sgg, seiected as 
comporjent (5), were sriixsd and stirred for one hour at 70*0 to provide liquid {A2). Tha same hardener as in exaroisis 

P168] One liunsred (100) parts of iiquid iA2) and 4Q.2 parts of iiqusd (B2) were mixed to produce sn fiooxy resin 
cornposiEion, foiiowed by mesisyrerrierst of its in^a! viscosity at 8C"G and viscosity after storage tor one MCvir 80= C. 
^¥hici> wsre found: b bs S4 cP and 18S cP, mspec^vsiy. 

|01S7] Tr^en, cured rssir^ piatss were produced by fiie rrietiiod doscribed above and their properties were measured, 
wiii-i results indicating li'sat ti-seir giass transitior? teniperalure after curing at 1 SO^'G for two hours was 1 m''C wiiiie their 
f isxufai modpius arid tensiis etoagatlsn- ware 3.5 GPa and 3.2%, rsspssSvsiy, showing msi thotjgh ths spoxy rmn 
campomm. of this ©wparatw^xam^fe- had a high heat resistance, it was smaller in tne ffieory moiseuiar w^ht 
betweeii crossiin ki n^ poirsls than requi?«^ for the present snvsntion. leading to poortenslis eSortgatioh. 
s(.> [01S8J Furtites; this epoxy rsjsin composition was used te produce Tiber reinforcsd corppositfe rTtaSerial, ixiiiowed by 
nisasurerdent of its 0* tsbssie s^^^ vifhiGh -sAfas founci to be 2370 MPs, shdwing thst Its strSdgth vsas !ovs/er Vnm 
recjusred forgoed f^ifjfGrcsd bdrrtpdsitis rnateriai. 

Comparative e>;&mpk> 5 

sc> 

im SS] "sn (10) parte o? "£pli<ote" £30, seiectsd as component (4). 70 parts of "EpiKcte" 825, sslscted as component 
CS): ana 20 parts of AK-601, seiecied as "ether epoxy resirr"*. were mixed and stirred for one .'loor at 7s~J"C io pr ovide 
liquid (AS). 

[0190| Tiie same rjardene^ as in example 8 was used as iiquid (32). 
■io [01S1J One htindred (1 09) parts of Sia!uid (A2) and 33.3 parts of iiauid (32) were mixed to produce an eooxy resin 
comp«§iUes, fsilo^Sd by m^sorerneilt ctM i^i visdosity at M^C anii vkcosity mtimm ^"i^o^^^ ^our at SO^C, 

wh ich wer e found tc ise 8S cP and S 1 0 oP, respectiVeiy 

[01 §2] Tiier;, cured resin plates \srere produesd by the method described afeove am their propedies were measured, 
wiih fosyitg iddfeatir^g tNsf th^sr siass tran^iSod t^^NfSfyfs at 18{}°C fortvijo :hpurs 1S5«0 while their 

fisxura;^ modulus arsd tPrssile eiongaticsn were S.1 and S:#^, respsistiVeiy, showmg that thaugh the eposcy resin 
co>T;pos!tiDri of ii^is comparative exarnpie had a high hast resistance, it was snEaiier in She Ehjjory moiecuiar weight 
between cross! inkifjg points than rsquirsd for ths pfssent invention, iesding to poor heat resistance, 
[01831 Furitjes; rhis spsky resir: ccrnpegitien vsfas used to produce fiber rcinteroed ocsmpesite matedai, followed by 
msasuE^msniot la 55* tsnsiij? strength, whfch Wiss faisndto be 2830 Ufa, shcwirsg that its strength was high 



EP1 454 936 A1 



so 



55 



f 


Hi 




o 








?5 












i 


33.8 


1 


i 




1 




1 


i 


'>< 


i 

i 






o 
a; 










g 










o 




J; 






8 


■a- 
o-i 




a- 


CO 






i 






a 












■* 




1 






i 




i 


n 
o-j 










V-' 








g 






as 








Q 


§ 


ii 




k 




1 


cs 






«; 




















s 








1 




i 


1 




i 


CO 


i 
















8 










1 






s 


s 
















o 




















£\; 


1 






8 

.... 


TO 

n 




1 




1 






i 






i 


i 


1 






i 






m 


a. 


i 


1 






1 




i 




1 

X 


1 






1 




1 








s 










1 




i 


i 




I 


s 


5 




i 




1 


1 


1 
f 


1 






1 








1 
1 


f 



EP1 4S4 936A1 



15 



\ sx 

I £ 
o 
O 



R 1 
■-■1 



o 



9. ! 



EP1 454 938 A1 



[S1S4] The following spoxy rsslns, poiyaminss, and sccslersitors were used in sxanpses 13-14 and comparasive 
exasnpiss 6-7. Measured con^posiiicrss and propsttt6s of the spoxy resin compositions used in ajcampi&s 13-14 isnd 
corT'parativs sxarnpi^s »-7 are surrimansed jn Tab® 



■ (pnenoi-asaikyi type eposy tmiix msppf-r^d by Nippon Kayaku Co.: Ud., spoxy equlvaieni wsight 27S) 
Othsr spoxy fasin 

imm 

■ "Epikotsf S25 idigiycidyi sshfis: <)f iaispi^anoi: AJiquia^atTOOiti ternReratum. syppfied ijy Japsi^ Eps^y Basins Go., 
Ltd,, esoxy equivalsniwslgill 17$).. 

■ AK-601 {digiycidyl i^sxahyorapSfU^sisB, siiopissd by Nippers kayaku Co.. Ltd., spoxy eqi-iivaisnt weight 164) 

• "£piKote' 834 (bispissnoi A iypo spoxy resin, soisd at room temperature, suppiisci py Japan Eposv Rssins Co.. 
Ud, spoxy equivalent vveisht 2S0) 

eofnponant (8); po!yamir-» 



VV toiusnedlami.ns, supplied by Japan Epoxy Resins Co. Ltd. . active hydrogen equivaienl weight 



active hydrociOiTSCitjiivaient 

weight p). 

• "Sijniiciise" S i4,4'-dlajriinodiphsnyi su!tone= suppiled by Sumitomo Chemioai Ltd.. active h^&(omn squivaJsrst 
wsightS2) 

TBC (4- tert-biiiyteatsdhoK suppilsd by Uhe industries Ltd.) 
ExampioiS 

[SISOi ,«i.r«.-, SO parts o? NC-3000, ssisc-ed as oomponsnt ij). 20 parts of "EplKo-?" s.f fi, and iO paru« ot .AK SO-s , 
Poth ?oSecJ«d as "othfir -^-poxy resin", wers.msxsd and sti-red for am hotsrat 120 -C, and ift«r cooisnq -iovvr; ^ .;'0"C. 
GO pa' ss; of 'Irjiik.u- ' S30 i^efeoted as "otiisf epoxy rssin^ was added, foitowsd by iuriher J5tfrr!:>9 for om hour at 70°C 

to provic^s spoxy resin, 

Ti-en. .\ic>.6 pasts ;5f ' Lpicni-f VV. 22.2 parts ot S,3'-DA£, and 22.2 parts of 'Su^r^^cuso- S, aii .5oh-x-::'5d as, 
component (S; .. wsrs rnsced and stirred for one i^our at 1 0O'^C, and after cooling sown to ?i3''C. 2 p3i1s or TBC, s&iedsd 
SlS acceioiator; -A-as. ao(ii:d, iotiovvsd by further stlrrinQ tor 30 minute.? at 70°C for nomogensous diSsoiui:<i.n of 3,3'-DA£ 
and \*sun-iicure" S to provide a i>8rdsf!er. 

ftsasil One hiio-dted { 1 00> parts o; said, epoxy resin and 33,8 part? of s.aid hrtfdsnsr were mixeo to produce; an epoxy 
rsssn ',;cnipo&;;iO!-;, ?oiU;vV«:;3 Cy fneasurorrient of Its inlfsai viscosity at 8C*G, which was round to P& SB cR s iovv-jng to.a- 
Its vis«»stty was .'^uffioisiniiv iow. Tns?^, cured r&sin plates were produced by the method desoribf^i above anrf thoi.- 
propoiTios V!^e!-«; rceasiired. witi^ rssuiis indicating that T^sS:;■ g;as;s transition tcn^perstus-e aftsr curing af 1 SO"C for fivo 
roc;\-s i<.'as 178=-C \v?!ii-s UiOiS tisxural ^noduius and tsn.siio eionpanon w;jrs 3.2 GHa ana 6.2%, roispeciiyi?iy,. s.now^ng 
thst they t;ad sufficisntiy high hsat resistance and good meohanica! properties. 1"iie- theofetioei niciscuiaf weight he- 
tweofi nr;>ssiinj<ing points of the curerf product was SG0 g/nioi 

!"0202i Pu-tnor, ihss epcxy resin ooinposilion vv.fis lisod -o p.'-oduce fiber reinrorced cxin-spooifc inaionrii, osiowoc; ■ -y 
rneasurenieni ot lis t?'^ tonsiie strength, 0^ c:on!pr^:Ss;vs strength, sno GAi, which were found to be 2B7Q MPa. 13S0 



mm 



mm 
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MPa md 234 ?v1Pa, respaciiyeiy, showing iUst it had sufffcisntly good mschanicai properties. 

Exampje 14 

C0£03| Hisre, 2S parts of NC"3000> seiectsd as componsnt (7), lc parts of "Eplkote" 825, and 30 pans of AK-601 , 
boih seijxjlsd as "other spoxy resir;", were rf?ixed am stirrc-d lor one hcur at 120»G, and after cooling down to 70 'C, 
36 parts 0? "Epikcts^' S3G, seSecisd as "oSier epoxy ressrr\ was added, faiiowed by fisrtrsBr stirring tor orse hoisf at 70=C 
to provide epijxy resin Tise safr-:3 hardener as in sxarnpSe 13 svas used here. 

[02041 Ori:-5 hun&eci ( i 00) pa;ts of said epoxy resin and 33.8 parts of said harderier were rnissd ro produce an spoxy 
rosir^ conjposition, foiiowsd by siisasursmsfrt of its ii^Sial viscosity at 80»C, wfiicJi wss iomd to bs 6S cR srsowing thst 
lis visoosky was sumcierstiy tow. 

CD265I Then, cured rsssi.n plates were srodiiced by tiie r;-!ethod dssenbed above and their prapsrtses were rt^easurssd, 
with rssiiits i-^dicatins tliai thoir glass transition temperature after ourtng at 1 BO''C for two hours was 1SG^=C whiis ftieir 
fiexurai rrsodiiius «Rd tsnsiio eiongation were 3.4 GPs am 5.4%, respectivefy, shewing that rhey had suffioier^tiy high 
hast re3!St.?tOi:e and good meehsnieai prepsfties. Ths theorstfcai moiecuiar waigM between crossiini^ins poir?t£ of thes 

cured product was 28$ g/;r!or 

fOSSaj Farther tfiis- spo>«y resin eompesirion was used to produce liber rsinforced composite rrsatsriai, ioiiowed bv 
rnsasurss-nsnt of its 0'' tensile strsngih, 0'= eemprsssivs strangti^. and CAi, whici^ were teurtd t« fee 2880 MPa, U2Q 
MP& and 241 i*3Pa, rgspsi5tivdyi: showing ihaf it had idffieisHtiy good yhScharvfea! pfope^^s, 

Cornpfiratlvd sxsiTspie B 

|020T| i-iore, SO parts oi "Epikots" 630: 30 parts of 'cplKots" 825,. and 20 parts of AK-SOt were rr^ixed and stirmd for 
one i^.oijr at 70-C to provido spox^r rsssn. The same hartisner as in sxa.rnpie 1 3 was used here, 
|0S08| One hundred (100) parts o; said epcxy resin and 41 ,7part£ of said hardener were mixed to produce ar; epcsy 
resin composition. folSowsd by rneasurerTjent of its initial viscosity af SO^ C, wtjicfi was found to be 30 oR showing that 
its viiSGPsity was suf idisnily \m\ Then, eursd rasih pistes were produced by the rneihod dsssribeci sbovs fedd their 
properties w«rs msasaj-ed, wfth rssuits indicating ti^at their glass transiiion temperatum after curinc; si 1 for t-m 
hours «r8s iW^ m^s IMir fisjcurai madUliJS and tea^iis 6it>nQafidn vsere 3.4 QPa and S.5%, resoectivsiy. shewing 
that tpey wort: inferior Irs tensile sionga^ors. Thethsoreticai moiscuiar wsigiit betwsan crossiinkinG points of ths aired 
prodopt was: 245 ||:?rrvoi. ■ : . . " 

lQ2m] Fu-rther, this §po5cy rssin oomposition was ifsed to prodiice fiber reinforced compasite matsrial, foiiowed dy 
meaeurarnen; o? its 0" terisiie strength, oorBpresaive strength, and CAi, which wore found to be 2S0C i^Pa, 1380 
.*'lPa a.id 200 MPa, respoctively, showing th.at though it irad f5igi-f 0^ tensiie stre.ngth. it was poor in 0" compressive 
Siirer:gii5 and C.Ai. 

Comparative sxasTiplo 7 

i;S210| Eposy resin used hors was the same as in example 1 S axcept ti^at NC-3000 used in example 1 S wfis repiacsd 
wr-h "Es:il<o!o" SS4 in about the same amount isi terms of epoxy equivalent sveigt-i. The sarrie ,ha>-donaras in e;<am?ji» 
:3 \¥a£ s.;$:ed herg, 

|B211| One hundred ; 100] parts ot sasd eposv resrn and 34,4 parts of said hardener ware mixed to produca an eposy 
resin eomposi^ion, foirewea oy ■nsasufefjwn- or its tnitia- viseogity at SG-C. whieh vvas found to &e SO cR stiowing that 
l!^^ v!s&5sity was s-jftlcissntry row Tiio;\ ot-rsd resin piatss were producsd by ths method described abovs and their 
prnpe-Jtiss were moas-jred, wl;i-! rss&oiia indicating that shpif niass rrar-ai'ior: tan-ipararure after csjrinc; ar i -S-.i -c tor iivo 
^Osjrs ^v.ajr 1Sg*C wf^iia their fiesurai modulus and fsnssio a-onganon wero 3.3 Q:»a end &.ev,>. rospectiveiy, showi >g 
tr^^'j •?•->;! yif-s:5 |!ar,;s!t:on terv^paraiuro was unfavcr^fy iow. Ths thsorstfca! moiecuiar weight between crossiinking 
points oi tfio oaradprodool^sas 30 S/mo;. 

[0S12; Forther; this aposv resin composftion was iJsed to produce fibs? reiaforced cor-nDositsj rrsatonai. foiiowed 
raeasio-rjmen; ot i;s 0^ ■oiisrio airongm, 0== oon^p;e.-:.fiv,;- strength, and CAi, which i,v6re iour-d to be 2S7G i\^Pa, 1410 
iVi Pa aiiiS S36 fsriPa, rospacSiveiy, shewing that It had sij^icisntiy good mschanicai pi^ipertios. 
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"Table 3 





E>;amp!s 


Cci-T-pf- revive ejiarnpte 


13 


14 


S 


7 


Epcxy fssin 
composition 


cpcxy rssirs 


Component (7s 


i-^iC-3000 


30 


25 






Others 


"Epikote" 630 


30 


S5 


50 


30 


"Epikots" 825 


20 


10 


30 


2Q 


AK-601 


20 


SO 


20 


20 


"Epikofe^ S34 








30 




Component (3) 


"Spicure" W 


55.S 


55.S 




55.6 


3,3^-DA3 


22.2 


22.2 


22.2 


22.2 


'Smmre'.S. 


22.2. : 


.22.2 




22,2 


AccsieraSior 


TBC 


1.Q 


1.0 


t.o 


1>Q 


Mixing ratio 


Epoxy resin 


lec 


100 


1C0 


too 


Hardener 


34;9 


37.0 


41.7 


34.4 


initia* V!scc!3% atSO^C imPa-s} 


88 


68 


■30 


60 




Theorsticai irsolsouiar woight beSv,'s>3f! erossiinking 


30S 


28S 


24S 


307 




3,2 


3.4 


3.4 


3.3 . 


Glass trarssitiosvtsmpsratufs . 


iae«Cx2hrs 


1?g 


ISO 




16§ 


y..^^^^, .^--J i ;■ ™, 


6.2 


5.4 


a.5 


6.S 




Conl^iit: jjy yslame of reintofsing ?!!:;-:■ ;%} 


56 


58 




88 




2870 




2S0C 


2840 




13SQ 


: .1420 




141Q 


CAi (MPs) 


234 


.241 


200 


23S 



052131 Ths loifewfeg «po>sy resins, polyamines. and scceisraters were sjsed in sx&iTm& 16-13 snd con-spsrasivs 
exsmpl^g^f. MsM^fSi^ iisea in sxamplfes i5-1S and 

[0214] 

"Afgksite'^ MV^OSOO (N.N^O-irsgiydcSy^p-ami-iPpheoo;: suppiied by Vahliso Ltd., epoxy 8q;jlvaSeni weteht 110; 
■■ "Epjxois' 825 (aig!y?;iS¥i eiiisr of bispherioi A:, siq.ijd at room tempsra'ufe, suppiied by Japan Epoxy Besins Co. . 
Ud.: spc^xy scuivafent «?ygSri?S) 

• <^ iN.M-oigiycfdy! miWm, supplied by Nippon KaySkU Wd.. spoxy sqarvstent weigh? 1 54) 

• "KpH^otr tyso 'iligivoldyi sJher of bispher-oi R liquid^ rociT! mmp^Mire, suppiied ^>v Jaoan Eposv Resins Co., 
Ltd., spoxy squivsSgniWOsgmi60). 

- YSLv^-8CXY (digiycidyl sthor of tsUBO^othyibispiisrici K supplied Py Nippon Stssi CSismfcai m., epoxy equiyalent 
weight; §5) 
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ArosTisfic poiyamine 

■ '■■ Epmri^ W idiethyl ^ttiuensdsamsie, supplied dv Japan Epoxy Resins Co., Ud. . acttvs hyjj-ogsn sauSvafent weight 
46). 

■ 3,3-DAS (3,3 -^iajTiiriodiphsriy! siiitosm, suppiied by li^itsul KagakiJ Rae Ghsmicafe inc., acUvs hyorogen squiva- 
ienj weighs 62) 

■ "Sumicure" S {4,4'-diam!nod!ph8nyS suiione, sLippiisd by Sumitomo Chemscai Ltd., activs hydroger: equivalsn; 
weight 62) 



• TBC (4-t8rt-butv1oatscKoi. siifsgjiifid fey L!be !f?dus(nss yd.) 



[021-^1 Here, 80 s>art3 at "AmSdits" yV-OSOO and 20 pans ot'Spikote" 325, ssieoteci ss epoxy rssln. vysrg; s-nixed and 
st!rr.5d for on© hour at ?crc. to this, 44.1 of feid {B2) ussciin exampfe Ti wss added to produce an spoxy mm 
ccjjTipositsdn, foliowsd by msasuremsnt a? its viscosity at 8rC, ^v^teh was found to be 54 cP, showing n^at Its viscosi^' 
was sutTisisntiy low. 

[S21E| Tfisn, iXirsd fssin plates were produced by the method dsscrlbedafeoys and thsir properties were measured, 
%¥stri resuiis indisatirjg thai tnair gisss trafisstion tsmperature aftsr curing st 1 SO'C fortvyo Hours was 217=^0 whiis thsir 
ftexurai modulus was 3.3 GFa, showing that ti^sy had suffic-isntiy good fnscfianlcai propertiss, Ti>s thsorsHcaS rnolectj iar 
weight D€n^,'ei3n cossinksng points of.the cured produet was 21 6 g-mci. 

[021$| Sir addition, asred rssirs plates prodiised Jsy the mthod describsd abovs v/ere examined to d«S«;rrr:ine their 
glass traf^Sitiofi tsnipsrature afier imm^fsion In tsoiiing water tor 48 hours and Ihsir f!axural moduiiis at 82"C, w\h:ich 
mna 136^C ans ?.3 GPs, rsspectivesy, showing that they haij! suffisssnay t^igh iis^ ressstanca and siastic moduius, 
Fufmer.:.:mis epoxy resin cosTspcjsjtiori wss usad to produce fiber reinforced ccmposlts m&t&m toilowed by measurs- 
ment ct its <y tensiia S5trengfe. 0» comprsssiVS«trenc^f5, d» compressive s^^ngtii, and CAi, which weTs founc to 
be 2730 ?vlPa, 1420 i^Ra, 1247 M^a, and 220 MPa, r^spectfvsSj^ shewiiig thfit it rrad sumdeniiy good mschanisai 
propsrtsss. 



Example 18 



[OS^I Here, SO p&m "AraWLte" WYhQSOO and. 2C- pasts of -Epttoto- 1750,. selected m. epoxy ps&m, were mixed 

and stiiTSd for one hour sr70'-C, lo this, 44,7 parts or liquid (!32) ^ised in sxarnpis 11 vsjss added to produce an epcxy 
rasin Cf)mp;>£;ii;on, foii;>wod by measufement of iEs visccjsity at SO'^C, which yaasioam to i^ M op, snowing tirat its 
V!s;cosiiy <sjssa suSioleRtly sovs, 

[02211 Thsr;, cured rssin piatas; vs?ers; produced fay ths method described above and their propsftiss w&f e fr-easursd, 
with ros«its indicahng hu-; their giass transition temperaiiire srfterciifing at 1 80"C ?of tv«;o hours was 212'=C whiSe thsir 
tiaxiifai roadui-is was 3 4 GPa, showing that thay hadsufficienrly goedmechanicaipropsrric^. The theof^ficai rrsoiecoter 
wsighS bsstwfiar! crossiini<ing poinis of the c-jrad prodtict was 21 5 g/mP!. 

[0222] in addition, cured i'ssin piates produced by the method (Ssscribed above wars exarnifiod to determine their 
gifiss hansition tsrnpsraturs ahei- imniereion in bofiing watsr for 48 hoyrs arid theif :fie)curai.:mod«:isis at Sg^C: which 
were 13a"C and 2,3 GPa. respeciiveiy showing that they had sufficieirtSy high haat resistance and siastic n^oduius. 
Further, this epoxy resin consposition was used to pr!>dL!ce fiber rainfofcedoon^posits ■rsatenai, ioiiowed by msasure- 
rnsnt or its O'^ torisiia ^nsngih, 0' oGmpressive Mrani#!, H/W 0' compressfee strength, and CAi, which wers found td 
iiio 2730 iViPa. 1470 MPs, 1260 i^Pa, and 221 MPs. s^sjseotively, shewing that it had sut^dsatiy good mschanioa! 



Sxanjpis 17 

[0223] i-i«re, 80 parts ei ^'Araidito" iViY-oSGO and 40 parts of "Epikote" 825, saiectsd as opoxy rosin, were mixed md 
jitirrsd j^or one hour at ?0'C, To ti^is, ao,7 parts of liquid (82) used in exampie H was added to produce sn cdoxv resin 
composition, foliowad by n-ioasynemeni ei its viscosity at SO=C, which was found to be 48 ci= showing ttial iJs viscosity 
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was Sijffidsridy So«^ 

[D224| insn , c;jrad raain pistes wsrs produced by iha -Tsthod desGriissci abcsve and their properties were measured, 
witfi f&sijiis, indicating t^usl yjsir glass iransitsor^ temperaJiire afier curing at 130^G for two hours wss 214'='C wnsie their 
fiexMraimoduK»w«s.3.CGFa, showing thatfei^hadsyfs«a0s^fy:g^ 
weight sjgiween crossSinking points OT the ciirea producd^ 

[S22SJ \n addition, cured rssin piats;s crocSiJcsd by the frsethod described sbovs wsrg exarfiirssd So deisrrnirie iiseir 
glass transRion tenipera^ijfe afss? irv^rnsfsion in boilifig. water tor 4a Hours and tneir Oaxurai rROduius su wiiich 
wsf^ ISO^C ari?3 2,2 GPa, respecJiveSy, shewing -hat tnsy had Sirffidentiy high hsM fesistsrica snd eiasic ftiodufos. 
Furthss; Ma eposy resin composaior? wss used to produce fiber rsinforced corr:pt5sit8 fT^8fe??ai, folfewed by measyre- 
rnens of its O'' isnsiie sSrengih, O'' compressiys strength; H/W O"" co'Tipressiye stfsijg'h, and CAi, which ware found to 
be IViPa, 1410 ?>jsPa, 1140 UP% and 2S4 MPs, respscuveiy, shcwiag that \i had su#icientiy good meehanicai 
propsrsifss. 



ExasTipie 18 



[0226| Hers, 70 parts or "Araidite" syY.i}500, 1 0 paris of GANJ^ and 20 parts of "Epikote" 825, ssiscred as -jpoxy re;;in, 
wars r??ixsd: and siiri-isd ror orsa hour as TO^C. Seventy (70} parts of ■•Epicurs^ 16 parts ot S,3'"DAS, and 15 parts of 
"Sumtaim*, ssSsetssd asinardsner, were rnixsd and stirred for one hoar at 100'C and after cooUng down to 70»C, 2 
pasts of TBC <ivag addfed, fpricwsd by further stirring for otie hour to provide a hardener 

rS227J Grte hu n drsd f 1 00) pafis of said epoxy rasir, and 40.2 pa.>ts of said hardsnar wers .'nsxed to pi>6Ma& -m epexy 
fssin cofnpositiop, folovsfsd by msssurament <jf its \^scosity at 80*C, 'A'hroh wss ttmi to &6 4B eP, shdswng that its 
vi;5costy was sufficisntly iow. 

|022S| Then , cured resin pistes vi?8re pjodiicec dy tiie rr^sthod descritj&d aiso^^e and their prcsper! ies were nnsasurad, 
with rssuits iftciicating that thsir giass trarssition tepiperature after curing at 80»G tor two hours was 208*C whiie their 
fiexurai n-soduius wss 3.3 SSPa, showing that they h&4 sufficlerstiy good rrt-schanissi properties. The theoretical moiecLifsr 
weight betvve?:??! cressfin.kif5g points of the otirsd product was 225 g'mQl 

p2m \r\ aciditioi;, ctjryd resin plates produced by the itiethod cisscntjsd aijove wsrs examined to datemijns ti-eir 
glass tmmmn t^p^alara. after immersion tn boiiing water Jer 48 hours and their ffexural modafes at §g«C, which 
wsrs 131°C and 2.3 GPa, respsjotivsiy. showing that thsy had suffictentiy high heat resistance artd elastic modui js. 
Furths;; this eposy resin compcsitfon was ussd to pxafiam fiber reinforced oomposite xnmM.. foiiowed 6y measure- 
ment of its 0^= tensiiestfOfigth, 0'^ compressive strength, H/W 0= comsjressivs strength, and CAi, which were touno to 
he2830 ?s#a, 1420 MPa, llSd MPs, p^t^d 227 fv5P®, rsspaetiv^y/ showing that it bad sufficiehtiy goodmechanioai 
prtspsrsies. 



GofTipsiraiive exatripie S 



[02S«| One h>.ifK5r8d (1 00} pasts est "Spiicole" was used as cpoxy resir?, Tt-iS same hardarser as in e.x.afnpie 18 
lassd h««».- One-huftdma <f ^-^{tsi-c^said #<»Ky faeir>-»»d 28-}sate-it«f say-haitltmdr w«»e mlic&d to Droduceao 

epoxy resir; oorripdsitior?, foiiowsd isyryieasu^^fnent of Its wscosiiy £it 80=C, which w^ fodiid to be 52 cR showing the- 

isa viscosity was sufflcisntiy low, . 

P2S1I Then, eurod rssin piatss wsre produosdiby tiTe romhed dessribsd above and their prsjjortie.? were measured, 
with rjjsuits indicatsi^s th^ their giass transition tempefatars after curing ^i^Se<*C tor two hours was 180'>C whiis ti^eir 
fiSKura! n^oduius was 5:1 GPa, shGwingithat th^ wsfs poor in heat fesigtsrsce: The theoretical mciecuiar weight i)e- 
twaeri ;;r;>ssiinidrig:poirits ortf!s:cumd prodatswas g 

[SS3S|^ in addition, sursdrss!s s|j$^s prOfSgc^d by ttlg rpethod descriiised above wsrfe exeniined to dsterrriins their 
giass thansitien tsmpemtt^r^ sftsr irhrf^efsidt^ ih boiiing water tor 48 . hoyrs and their fiexurai moduius at S2=C. which 
wars 508"C and 1.8 QPs. raspectivoiy showirtg that thsy were poor in ■both, best rsslstsncs and elastic modulus. 
Fiirfher, ttiis spoxy resir? ^^^^mpositlon.was used to prdducs fiba^teintercedbomposfe followed by meastjre. 

mom of fts 0« tensiie sts-sncth, f?' con^pressive sttengiti, H/W 0" cor?)pi«sgive:gtffent|th, and CAi. which were found to 
be 24?o fvlPa, 1S00 MP^, 980 MPa, and £36 IViPa, rssbsctivsiy, shtssfing that though it had high 8» compressive 
strertg-h, it was poor In H/W Q= i 



Cisnparativei exsmpie 8 



tDSSSf: drts hunitsKi {isej psrts df 'Ataidt^ min was used as ei^osy rsstn. m feame ha«isner as i 
1B was ysedi here. 

|Dg34] Gns hundred (1 OG) parts of said epoxy resin sfid 43:4 parts of said hardener were mixed to produce an epoxy 
rssin composition, foiiowad by -rieasijrsfpentof its viscosity at 80'>C, which was found to be ISO cR shewing that ils 
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|0g35| l'h$n, cured resir; piatss were produced by ths sTi&thod descfibsd sbovs and ti-seir properties were n^easu;-ed, 
With msu!5s ir!d:ca«r;g ihat ihesr glass transition tesrsperaiure after curing at I SOX for l>s?o hours was 205=^0 while their 
fiexurs: modulus vvas 3.4 GPa. showing that me* had higivhsat rssretance and good itischafiicai propsfties.The ?he- 
■■ oreticai motecuiaf wesgnt between crossiinking points of the cured prpdisct Was • 62 g/moi. 

in addiSGii, cured rsssh pistes prodijcsd by tiie rrje-hod desfiribed above wsfs examined to dsreatssns Uieir 
giass liansitio;^ iampessiurs aller immrslo;^ in boiiirig waisr for 48 hours snd iheir flexiirai modiiSas ^Z'C, which 
vvai^> US^G ars<S 2.0 GPs, rsspedSveiy, showing that tl^ey wsm poor in both hsat resisted® s?^d eiastic modulus. 
Fiirthsr, ?his <ipox^' r&tm composition was used to produce fiber rsinforceci composae roateriai, fofiowed sy measiire- 
n^sni or its 0" isnsite strsngt:-;, 0* corf^pressivs strsnstii, H/W 0= compressive strsr^gth. and CAi. whioh ws>-e four>di to 
fea 24S0 iVSPs, 1480 ?^P3: ^280 MPs, aM 193 MPs, respectiveiy. showing thai though S had high 0» corripfsssive 
strsrsgtr-i and high H.-'W 0' oompresstve strsrigth, it was poor ir^ tensile strength ar:.d CAi 
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Esampie 


Corr^parative 


15 


16 


17 


18 


8 


S 


fcposy resin 
cor!-?posltion 


rds-n 




80 


SQ 


60 


70 








20 




40 




100 




"Epikote" 1 750 
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1G 






YSLV-8CXY 








20 






".Araidr^e" sVIY-721 












100 


Ha5^ie.f!bx 


AromaEie 
poiyammfe 


"Epictire" 
W 


65.6 


55,8 


55.6 


70 


70 


70 


3,3'-DAS 

^ : ■. 


22.2 


22.2 


2S.2 


15 


15 




"Sumietire" 
S 


22.2 


22.2 


22.2 


15 


IS 




Aoceieratci- 


T8C 


1.0 


■i.O 


■i.O 


1.0 


1,0 


1.0 


ratio 


Epoxy rssir> 




100 


100 


100 


iOO 


100 


Hardensr 


44,-; 


44.7 


40.7 


40.2 


.28.0 


43.4 


Iriitiai viscosisy 


at8Q"C (rT!.P8-ss 


54 


.48 


43 


46 


125 


13SS 


C-jrad 


Fisxursi rr^odulus 


Cured. tSO'G x 2 hrs 


3.3 




3.0 


3.3 


3.-; 


3.4 


: irtiSis^f^sd in beiMng 


.2.3 

— 


2.3 


2.2 


2.3 


1.S 


2,0 


Giass irarisUion 
tsrnperaturs i=C) 


Cursd1S0'Cx2hts 


217 


212 


214 


288 


1 60 


20 S 


irrirnSrssd in isoiiing 


tss 


136 


130 


131 


ies 


148 


Theorstioai moieouisr weight bstwsen 
crsssiinkirig pcirJts (g/moi} 


216 


£15 


248 


225 


44B 


162 


Ffcsr 
reini-orceci 
corr:sos!te 
maseriai 


eonier;- by voitsms of minfefPlng fiber {%) 


56 


S7 


S5 


SS 


5S 


66 


0' tsrssiie strength (MPa) 


2730 


2730 


2780 


2830 


. 2470 


24SC 


0" dry compressive strength (MPs) 


1420 


1470 


1410 


142.0 


ISQO 


1480 




12SQ 


1260 


1140; 


1180 


SSO 


1288 


G-Ai sMPa) 


2ao 


221 


234 


22? 


.238 


1S3 



fRssin matsniSfe] 

[D23T| I'ha foliovyirsg sspxy !sslns, poiyaminss, and sccsterators wsi« used in sxanipiss 19-23 and cornpafaiive 
sxampies 10-12, Umsur&6 compositiijns and properties otms spoxy msin GornposiHons used If^ exaf?vtes 19-23 and 
cofpparalive sxampSss 1C^••!2 gre 3un?mari28d in Tab^^^^ 

Ooraponsnt (S): ai teast one epoxy resin ssiecrsd from ihe grasip N,N,N',N'-S:8tragiysidjf!-4,4'- 
ciia^jinpdlpi^isnyhTietharss and its a!!f/-su&stiiyE©d derivatives 

ate« weight 113) " ■ •• . 

Cornpor)«>nt 0 0}; .at tesst orrs ©poxy tssif? ssiected from ths group of N:N-d!Siycidyi arsilinc and its aii^yi-suissi :!t«t«ci 



• GAN (dsglyoidyi ariiiios, suppiisd by NSippGn K^yai^y Ltd., spcxy eqiiivaient weight 1 54) 
Other -spoxy fssln 

[02401 

' "Epikote" 830 {N.H,0-trigiyGjdyi-p-*=n-iinopher5oL siippiied by Japan £poxy Bssios Co., Ltd.. apoxv eq^fvaiem 

weight 97.6) ■ . - s 

^ "AiHidite" MV.05QD (i^l,N,0■■t^giycidy!■-p-a■Tljnophsno^ supplied by Vanfkjo L.ld,. epoxv squivatefjt wsiohl HO) 

• NC-300C (p&iygiypssylslher ijf phenoi aralkyi rej;in. suppiisd by ?^ippon KayaKu Ltd.,^asy «q«lvaSsntwslghi 276) 

Polyafrsifis 

■ "Epicsjre' W (distnyl toloei8dferrH;^€, supplied by Japan Epoxy Rasins Co.. Liti. . acUvs hvciroasn eoiiivatent wsiorit 
45} 



S,s:- DAS (S,S^-dian.mod:ph8nyi sijiforie, suppiied by iVIitsui KagaKu Fine Oiistntoais Im., activ® hyd-xsgan oqiiivs- 
lent weight 52) 

»Sufnfc.jfe- S {4,4^diam!r!Pdiph8nyi mm&: smmw^W^o O^emisa! Ltd., actSys hydfogsn aquivaisHt 
vV'^jgint 62) 



■ TBQ (4-ien-bntyicalec;ho!. suppfed Py Ube Sndustnss Ud.) 



[S243I Forty (40; ps;ts of "Araidite" MY-721, ssisctsd as OGmpoi^enMS), 10 paESs.«I SANv36!ectsdas<;orT.ponef^t 
{1 0). 20; pfflts of "Spiiffiie" SSO, asd^^O parte of "Spikota" SSS, i^oth seieetsd as -ether epoxy rssin^ ware mfjcad and 
stirred ?br one hPur at to pfoviae ff3^^^^ 

102441 Thgr;. 20 parts of 3.3' DAS and 10 parts »Sun:iic!jrs» S wsra added to 7Q pasts et -Spfeure" W and: s!;jfr«!«? 

tor one hour at 1 0O^G, and 0 .7 pajt of TBC is added, foiiowsdby further stirh^^ 

toptovidsfeicl^BS). 

rS245| One huridrPd (100) pasts of liquid (A3) and4a/ pg^g pf liqukj (gS) wer«< rnixsd .©sin 
conipodtion. tcitowBd by ri^sast-ramarst of its viscosity at ao^C. wi^icii was found to be 50 cP shcwiris lt;a^ its viiiosity 
wasst-lficientiyicw. ■. " ' ^ 
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[024S| Then: cursd resin piates wsra producsd by the method descnbed above and their pf^penses were measured, 
vyiih rssolls indicaiing jS^at fheir giass iransstioR temperature attsr cunng at 1 SO'^C fortvsc hours was 205®C whsSe their 
JisxiiiBS rnoQUius was S.3 GPa, showingthat ihsy hadss^ffieientiy good mschar^icaS propsftiss- TIjsthsjoFesicisi motecuSar 
wesgWbistwssnerossilnk^Tig points Gf the co^^^ • 
[324?| in addition, cisrsd rasin piates prodsjced by ihs niejlTOd ciescrlbsd s&Dve were exarfiined tc deterrnins trisir 
SSass transUioo tsfr-psmtw^ aftef immersion In boiisng waisr for 48 hours and their ftexyrsi rrsoduiiss ai sa'^C, which 
werB 141 "C arvd2,6 GPa. rsspeetiysfy; shawing thaJ if^sy had sumciently high heat resistance and higi-: eissi ic mcduius. 
|0248| Further this spoxy resin son^position was used to prociuce fider reinforGsd corripasite matenai, followed by 
rrseasurement of its 0- fensiis strengtrs, 0^ compressive strength, i-t/W 0== compr^^s'm strength, arsd CAi, which wsr-s 
fouhc- to bs 2830 MPs-., 1370 MPs. 1140 MPa, gnd S22 MPa, respectiveiy, showing thst it had sutficier-tiv good nie- 
ci'ianiciS! propi>f«ss. 

Exampso SO 

P24SI Pofty {40} pa;ts of '■Araidft&" , seisctsd as ccrrjponent (9).. 10 pa-ts of QAN, seiscted as component 

(10),. 2Q pgfts of "Bp^isW sm, to parts of Epifcote" S25, and 20 parts of NC-3obo, aii seis^cted as "oth®r spox>' resin", 
were nsixsd and stirred for one hour at 7Q*C to provide iiqiiid (A3). Liquid {B3'> used in exampie 1S was aiso Lfssd as 
siqiiid (8S) here. ' ' ' . ■ ■ ' " . - 

mm One iiundrsd (100) pans of iiqyid (A3) and 38.7 pans of isquid (83) were mixed to prodsjce ar? opoxy resin 
conpositlofi, foiiowed by msasursjrserit cf its Viscosity ^ Sb«C, wl^bh Was fbu?i«S fe be 84 cP, shcwir^q fiftaiits viscosity 
was sutfldentiy iow 

r02Sl] Ttieii, cured fss^n plates wsrs produc&d by tiis method dascribsd abeveand their properties were msasured. 
Witt! roBuiis ifidicsting \hat their giass tnsnsition tert^psraJi^fo after curing at 1 80%: for i»o hours was 2i:j7'C; while their 
fisxurai modiiius was 3.4 QPa, stiowit^g that they had sufficiently good rneohar iicai properties. Th& tiisof&tscsii .Tioiscuiar 
weight t)elwe8n crossiinking points of the cured product wss 219 g/moi. 

[02S2I in addition, cured rssin pMm {Sfoducsd by ths rrHJtiiod described above were exsn-.ined to detersriine tfieir 
giass trarisrtion tsfr,perati.iffi after imrrtereiort In boliihg water for 48 hours .ar,d ti^eir fiexurai n^odsiius at SS'-'C. which 
were 148'e and S.S GPg, respactiysly, showing that tTssy had sufficiently higtf hmi tssistancs and siastic modulus. 
|p25S| Further, this sposy rssin composition was used to producs fiber mirsfdroed ctsfnposite rnfttehai, idiiowed bv 
h^easurernent of it? 0« tensile strength, 0' dompmssivs strength, HAN C« compressive strength, and GAi, which wore 
toL;nd td bs 2760 iViPa, I45f} MPa, 119S MPa, and 20Q MPh, respecSveis'. shewirtg itiat it hiad sufficiently good ma- 
oiwinicai propsraes, 

e.3^pi8 2-i 

|0aS4| Fod^/ (40) parts of "Arardas" MY-721 , seiscted as eomoonsr^t (9). 1 S parts of QAH, seksotod as component 
(1 0) , 10 pan;5 of "EpikGt*" 630, and 05 pans of "Epii^ote" 825, both ssiectsd as "other sooxy rosin", vyere n^ixed and 
stsrrod for ono hour at ?0<>C to provide iiqisid (AS), Liquid (BS) used In example 15 was also used as ii{?uid ^BO) tse'e 
P2SSI One hiindred (lOS) psrts bf li£(ijid (A3) sMW^ pFfedude an spoxy reSin 

oornposition. toiio^,vod by rf!aasars*ont of its visoesity at BO^C, which was found tc be cP. showitvg that fts viscosity 
was suffioientSy tew: 

102581 Then, curad rssiri piatss wsrs prcdiicsd bytbe method deschbsd above and their properties wersn^easursd, 
with fes:U«s indicating thartheir gifjss iransition tsmpsralurs after curing at 1 SO^C for two hours wss 1 97°C white th«ir 
fisxurai modulLSS was S.3 GPa. s.howingtiiaHhey had suffeieniiy good mechanicai properties. Th<s thsorshcai mrJiecuiar 
weight biJiA^ijen crosslinki?-;g points af the cured prxiduct was 230 g/r^^^ 

[G2Sf I ia addition, cured resin piatss producjed by ti^s method deseribed sbovo wsr-^ oxarrjined to dstenTiine ti^eir 
giass transition temperatisrs after imrriersion in boiling water for 48 hours and their flexurai j-iioduius at S2°C, which 
wei« TSS'^C srnd 2.6 GPa, respectivsiy. strowirig that rhev haci sulticiantly high heat resistarice and sissiic modulus. 
FurEher; this epoxy resin compositton was used to produce fiber relnfetx;ed composite mafsnai. foiiowsd bv rrieasurs- 
fi^anf: df ltsti' tehsife strsdgjh, S» cbrttpfessive stfSflp; H^W 0* doirtisrsssive stretigth, and CAi, wtiifeh were found to 
be S7G0 MPs, 1410 y Pa, 1200^ Pa, 220 MPs, respectivsiy, shbwirtgthatit hadstiffiaieftfly good mschaniGarpreperiles. 

ExarttpisSg 

[0256) Fo!ty (40} parts oi '■Araidito" M ^ sefeded ss component (9). 20 oarts of QAI^i, seiectsd as componpnt 
(10) ; mpmU"Esm&'tm, &mmMm^(msrm<m mm were rrtixadartd stirred for erto hour at 70°C to orovida 
liquid ;K3); i.jq;jid (B3) lissd in example 15 was used as liquid (83)^ here. 

(SS5S] One hundred (1 00) parta of iiquid (A3) and 37.4 parts of liquid (Bl ) wero mixed to oroduce sr"; epoxv resin 
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coiT!pf55fUon . f oSiovvsd by -T^sasuremem of its viscosjly at 80=e, vMch was found to be 55 cP. showing tsia; itei viscosiiv 
was; sufficiently icvy. 

IG2681 Then: cufsa resin pteJas wsrg proGiiOss by the msthod descsl&ed above and theirpropsriies wers msasured, 
with resuiJs indicating rhattheir glass traosmon tSfTipsfasurs sftercurins^ai 1 S0"C fortswo hours was 1S1»G whiie their 
fiexus-ai nrsoauius was 3,5 GPa, showiiigtnatihaytiisdsufficiemly goocir^schanfcsisf^ertiss. Thssheomticai srseJecylar 
weignt Dstwsef; cfos^slsnking pointe of ths CM-^^ 

lQ2$n in adiistson, cured resin pistes produced by th& method descrfced above were? exiirrsirwd »■ determine- their 

gias* transfiion tsfriperature aftar immersiorj in bolisng water for 4S hours snd Their -fiaxurai moduSus at Sg"C, wf-ich 
1 as^t) sr^d 2.7 GPsi. respectsveiy; showing th^ fs^sy rsad sulficien^y high heat ressstencs and high eisstfc: fr>oduftis. 
103821 Furtn&t tnis apoxy resin composition vsas used to produce fiber reinforced composite msiariaf, foiiowsd by 
irseasures-nsnt of its -farssiis sirengtii, 0" ccmprsssive strength, H/W O'' cG-nprsssive strsinath, and CAI whicb were 
found to be 2820 KSPs. 1480 1190 MPs, and 2S4 MPa, respectivsfy, showing that ii tetJ-suffioientty oood me- 
ehanicsl properass. 

Exan-ipiaSS 

i02S3] Fil^v (SO; parts or "AraSdite" seisctsd as component (3), 10 narts of GAivi, seisctsd as cr^'T>DC5nant 

(IS), go parte of "AraidSe" yV-OSOO. and " 0 parts .of "Hpltote" 825, both, selected as "otfeer esosv resin", ware rnixed 
and stirfsd for ofsa ftour St ?0"G ta provide Sfquid iA3). 

rogS4| 0ns hundred (lOQ) parts of jisjuid m 8!5d 42,® parts of ifquld (S3) were mixed to prddt«8 an spoxv resin 
corrsposititjri, tofljjwsd by messursment df its viscos^ at SO^'C, which was found to be 87 cF. showineslbst ite viscosity 
was Sijffidentiy low, . . " " 

CSSSSi lhm,,iM trnk-f^msmmptsix!^ ^ tl;^-meU}o^ desciibsd aboj/e-andtJ^eir procedleswor&measufsd. 
with rssuits indicating that thdr gfass transiti&n tsmperatur© after cuhng at 1 SO"e tortwo hours was whiie their 
tisxijfai rnodiiius was o.S QPfi;, aiiowing thai ti^ey had sufficientiv good rriSSbanicalprofssrties.Th&tbeQreticai rriQiecuisr 
wsi8hl:b8t«<e6n crossiirmUig. :Qf -Ibe m&d product vmm gAnoj. ' " "~ 

In additiPh, cured rasia plates produced by ths niethod described asove were escstriined to determine their 
glass thansjtioji temperature after in^rnefBion In boiiin^ water for 48 hours and ti-seir fiexurai rricduisjs st flP'C whieh: 
wars 1 43»C and 2.? GPa, rsspsiJtivsly siicwingthat they had stiff icietitiy high heat rssistancs and high eiasilc rnoduius 
CS287I FurLhsr, this spoxy resiri composition was cised b produce fiber reinforced composite maieriai, followed fcv 
rr^sasLirsrnent fff its tensile stnsngth, O'' CGmpressivs str^rtgth, H/W O'' compressive strenctfi, and CAi, which were 
found to be 278G MPa, 1470 yPa, 1070 SVlPa, and iSS i^Pa, respectiveiy srsowinq that it l^d sufficier^v good h-ss- 
c;i^anic8i properggs, ^ • » - 

Coffjparatsye sxan-ipis 10 

|S28S| One hundred (1 OfS) parts of "Araidite" MY-721 , sefectss as cerdpor;ent (S). y^as issed as iicsuid f AS) here One 
hundred (100) parts of "EpifXire" W was used as iiquis {BS) here, 

|S2«§] 0ns hL^fiSrsci (1 00) parts of -iQuSd (A3) and 39,9 pasis of liquid (B3) were mixed to preduee an apoxy resin 
con-iposition Jciiowad by fr^sasurernent of its viscosity at SO'-G, wi^rch was found to be 1 5S3 cP. showing that its viscossty 
was higher thaa sssn in sxampfes. Then, cured resin pistes were produced by the jr^sihod descdbed abcve arid thijir 
proporties ware rneastrred, with resuils indioa-Ing th^ thslr gias§ transition tenipsrature aitsr curing at 1 SS'C for two 
hours was 221'C while iheir fiaxurai rrtoduius was 3.8 iSPa. showing tiiat Ei>ey had Suifticientiv cscd rngchanioai prop- 
erties. The theorefical rrsoisouiar weight between crossiinking poirjts of tfie cttr^d produd: was 1SS p/mol, 
[0270] In ari-jition. cursd resin pias&s p;-oduced by ths msihod described above ware gxamsnsd to distermins ft;eir 
glass trans^ion tenspsraturo aft«;r inirr^ersion irt Porting water for 48 hours and their fiexursl ;Tiodulus at B2^0 which 
wsre 148"C a^2.7<SPa, respectively, showing that they hadsuSicientiy hicHi heat resistance and nlqh eisstfc rnoduius. 
[02?1 1 Fun:her this spoxy r-sir^ imposition was used to produce fiber minfofced composite n-iatcr-iai, btrl the tasulr- 
Ing ilbsr reintorxsd con-posits ntatsriai was so high In the viscosity &x SO^C that it contained aiany unpj-sgnated pofticrss, 

Corrspgrativs e>«ampie 11 

|S2?2| Fifty (50) parts of "Araidite" ^^721 , ssiectsd as comportent (9). 20 pads t>f GAN. selected as norrujonent 
(1 0), and 30 parts of "bpikota" SS5, satectsd as "other spoxy resin", were rrtixsd and stirred for one hoar at mC to 
provide iipuid (A3), Or^o hundred (100) parts of S,3=-DAS was used as liquid (SS). 

P2?3j Ona hundr-jd (IDS) pads of !iqutd.(A3) arte 4S parts of liquid (B3) were mixed to nrcdutie art eDGsy resin 
composihon.frsilovved by msasurerr^ent of iis viscoslty at 80< which was found tobe 1 000 cR showirtg that its yiscosity 
w;as higher than seen in exanipies Then, cured resir: plates ware proot-csd by ffse method dsschbed afccvs ano thsjlr 
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propsrsies wsf& measured, with resute fndicaung tnst thsk giass transitson terriperature after curing at ISO^C for two 
hours was 21 7=C whiie their f iexuia! JTiodiiius was 3.4 SPa, showing that they r>ad stiffidentiy good'meGiiailicsi prcfs- 
erries. The ihsorstieai mo|s>-5tilar wstght SBtmsn srossiinking points cf the cured product was 243 p/moS. 
[0274} in addifscin, iSursd ressn plates prodyced by the m&rhati described above wers examined ts de-rernriris -heir 
glass rrarisitson ier^peraiure after imrnersson sn milm^ water tor 4S hoi!rg «n<f their fl^xiJ^l m^ wtiich 
wsrsj US'C and 2.8 GPa, rsspscsiv^y, shawsng Stetthsy haa sufiieisfitSy htjjh hea« reBl&tsnce and eiasslc moduius, 
^"sifthef. this sposcy rssifvcomposftior; was ussd to prisaisce fibsr reinJareed scmpcsite -TiaieriaL but She resiijitiiKj fiber 
reinforced cornposite rs-fstei-iai was ss high in thg viscosity at SO'C: tfjgt it containsd imshy unprsgRSied portibrss! 

[027S] Twsniy (20) parts of QAN, ssJeotsd as coi^porssnt (10} , and 80 parts; of "Epikaie" 825, i-aieclad as "other 
epoo/ rssin", wsrs srsixed and stirrsd for Ofts hour at 70»C to provid© liquid (AS). Ons huhdrsd (1 00) pasts or 'Epicurs" 
VV was used as Siquisi (ES) here. 

0?if; hundfad (100) parts of isqusd (A3) and 27.S pens of isquid (BS) wars mixed to producs an eppsey rssiri 
corysposifian, foiiowsd by tr-msummmi of its viseoisity at SO'C, which wasfoifnd so be 28S eP, showing that its viscxisitt' 
was sortiewha; i-iifih. 



fssxurali rnositiias wss 3:2 CSPa, showir>g that tH&y were poor In heat rssfstarice. Tile thsoreticai moi^cu^r wsight be^ 
tiwsan crogsii?*lng points of the cusBG product v?^ :. ^ " 

in addition, cured rssin piatss produced by th© method dgscrlbsd above were exarriinsd to fSeteimfrrs their 
glass transition tsnipsratarie mm irr^rriersion in boiiifig ^er fer 4S i^otif?; and their fiexurai rrsodulus at 82"C . which 
were lOWC and GFa, raspectivefy. showing t^sf they wsrs poor in both high heat rasistancs and eiastic rrioduius. 
Furthest litis epaxy resin cor-poaitiors is?as ussd tip prcQisx fibfer rsfhfoncsd cofnposte mstgns!, ioiimed by measum- 
msm St its 0« ten&ila strangth, 0=^ cort^prasslve strsrsgtti, H/W 0" comomssive stransth, an<5 CAi, vvhfeh ware taum to 
bQ2mm&, imW^ m uPs, a?)dS4G iy:Pa, mspsctiysiy; snowing that thoush it was hiqhin O* terssiiestranotb 
0" can^pf^ss;v?j stf8h§th, and CAi; but ft^^^^^ '" - ■ 
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A.^ epoxy ressn coiTiposSicn for fiber rehf orcsd conposits matsnai eomofising the foliowl?^ ccmponanls n = • (35 
as essentia; components and meeting the foiiowing conditions {?)■- (ly) for mixing rations, whsrsm ajmpcnsn; m 
is eissoivacU-arnogensousiy: 

Component (1 ): epoxy resin ihat is liquid at foon^ temperature, 

CojYiponsni (g); aromatic poiyafnids &at is iiquld at room temp&natjjfS. 
C&rripGnent (3): diai-^inodiphenyisuiforie, 

Condition il): Tns propoftion of componem (1) reiative to the entif« <sp.ox>' resin in the composition s SO-IGO 

Condffiof! (ii) : The totaS pvopcffiGn q? component (S) and coniponisnt (3) con^bsned relative to the entire 
polyarnif-s in ths composmon is 70-100 v«%, 

CoriiSitiers (iii); Ti?s proportion or component (3) relagvs to the erair^ poiyarnine in the casroositiof! i? ?5-S0 
Condition |i\?}-Th6 steichiomatrio mtfe of tiie eMirs poiyamlne to the entire spoxy ressn in:msoa:Trposition is 



2. An spoKy resin compositior: tor ftbsf reihtoreed composite matsria! accsrding io ciaim 1 that Is pmcksced by mixmo 
the foiicwin§ two liqiiiste; ' 

Liqtjid (Alj: s siqtjid comprisiny consportsfii (i), and 

Lifiuid (B1 ): a iiquio comprising Gorriponents^a) and (3), whereiri component (3) fe dissolved htjmoseneoijsly. 

3, An epoxy rssin co-^-iposition for flbe? reinforced composite rnatenai accofijing to claim 2 vsfhereiil omcipftatior of 
oomponsnt (3) -KJiss not take piaca in iiqyici (81) rfunrjg stor«gefor30 days at :5°C 



4, An epoxy resin cosT^position for ffber feinforced composits matei^lai according to oi&m X wherein ths m>qht rf *io 
ot ooraponefri {3) to oon-iponent fS! is 0,25 or morss . ' . " " 



An epoxy rsSm oompo^ition for tibsr rstnforc^ci composite rnateHai according te cialm 1 whemirt component (2) 
eos'npnsssoiotnytf"'"*" — — 



6. An sposy resin composition tor tiber r^ntofcsd oomposite matsriai according to cialm 1 wherein component {S) 
c»mpfis««3,3'-disminoeipheny!suSon8. f w 

T, An epoxy resin oon.posiltion for fitsor i^sinforced eomposits n^atoriai aoeorxiing so clain^ 1 wt^erein componen' ^3^ 
oornpnses S:3'<Jiamif?odiph:snylsy!fene ^ 

8. An opoxy rssin oOn^posltionforfibor fsinforcest eo^nposite malerial according to ciairr; 1 . wherein ti^e cured prodtict 
of thsspoxyf^|rs:0©mposition obtained by b#n^ounsc! for two hours at t&G»G, has a giass trar...tfcr. u^er^^.r^ 
of 17G<^C or n.o;-e end e coefficient of tirsesr. expansion o? 7 x 1Q-SK-^ or iess ovar trie tanperature i^nqe fr-.m 

30-C to 1S0'-C. J • 

8. An epoxy resincorriposition for fiber reinforesd compositsmateria! according to dairr? 1 wherein the initiai viscosity 
atBO^Cis intheraogeof i-500MPa-s: ' ■ 

IS. An epoxy rssincompositior! tor fiber reinforced composite matedai according to daim 1 wt^ei^in tiis viscosity ft^er 
5sforags for one ilsur at BO^C is four rimes ttre isitlaii viscositv or less 



11 . An epoxy a=sin ootnpesitionferfiijer reinforced composite material acoordingto ciaim 1 wherein tne viscosity after 
storage for one ,hotif at 3{5°C is in the rsnge of 1 -1000 MPa-s 

12. An epoxy resin co;riposition:fornberfeinfor=sdecmpo;;ita rnsteriaf socordingto daim 1 . wi>8r«in thscyred Drxjduol 
of tna epo)fy resin cornposition obtained by bsif?g cured for two iiours at 13{}=>C, has a oiass fransifto^^ te^^ce>-«t^;re 
of vPO*C or n50re, - ■ 

13. Arsepoxy resinGomposiBonfarfibarrsintaroedcomposiiematerfaiacco^^^^^ 1 tiisteontainsar; accelsraior 
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s&isc-eci from strong acid «ssters, oniufn saSis, Lewis acid-amins compSexaS: and polyphenols 

1« . Asifpoxv ;-essn Gcn^pssiiion ?or rifaer resnfo-ced composste materiai that contains at ieasr the ^oiipwing components 
(4| - (S) . whsfsm a msssretbaS roaiscular weighi befwsen cjrossiiRking uoinrs of trse oyrgd pn5€iuct of Jhs spoxy 
resin compcsJJion is 2S0-S50 g/iTOi snd ar^ inaial viscosity at 80»C is 1 -500 iVlPa-s: 

(4) : aromaUc epoxy rssin having tri- or higher tanctionaiiiy, 

(5) : sroniatic >spoxy resin, of di- or higher ao<^ iess than tt1-funcnicr>a!it)', snd 

(6) ; aran-sgric poiyarnkio, 

said thecreiteai f?ioiscu!ar weight ijstwesn orossilni<lf?c! points being defmod as tho wsigiit or tho entii-Q cured spoxy 
rssin ciivicisd by the nurnbor of crcssiinicir^g pointe contained irs ms; entire cured epoxy fssin, 

IS, Ar, spoxy r®sin compos ilion for fiissr rsirsfsresd composite materia! accordirig to ciairri 14 that is aroduosd by rr!i..:ing 
ths foiiowsng two Hs^yids. 

iiquid {A2): iiqijid somprissng oatr^poncints (4) and (S), 
liquid {B2): iiqufd Gon>pHs!ng cofrsponent (S). 

10. Afv spoxy rasin sxrnposSiofi fef fiber reinforced corr^aslte mamai aGconairig to dasm 14 wherein eomponsnt (4) 
acx^unjs for SO-SO vst% of.th© entire epoxy r&sin. 

IT. An spoxy rssin co-vspositicm tor fiber reiruorced pofrposite inatsnai asxofdtfjs to aijjin-i 14 wi^et^in component {4} 
is St ieast one ssisctsdfrcjrrs the group consisfing of N,N,N',N'-tetrag!yc!dyi-4.4'-dism!nodiphsnyim?t.i>sne: N.N C- 
tngiyckiyi-svi-sn-iinophsnoi, ,N,0-^rigiycidvi-p-srnmQpnertO!,aiM-sub^ltuied derivatives^ 
N,N.N\N--MrasSycidyi-iT5-xyi6ne diamine. 

IS. Afi spoxy resin composition for fissr ;'c«nfon:;ed conposite materia- accondinp to ciairn 14 wherein Gon^pon«r5t {5} 
is St least one ssi8o;s4mmJ:tte ,gR>ypcpn^^^^ 

dicycQipsntaEilsns and phonos are subsliiem dsrivptiys of the.prjeni^:; digiysidyi mmM^^mm^^m^: 

dtglyddyi ether pi cti?5ydroxybipheny! or its ^ 

rifiij, anci poiygiycsdyi stiisr of phsrsoi araikyS resin, 

.An spcxy resin corr=p>5sitjcn tor fiber reinfofoecJ co,rr^s;sit8 matsilal according to ciairn 14 whsrsin cornponenf (8) 
contains at isast aifithyl toluenedisrriing; 

20, ,*,n spoxy rsssa composiiion for fiber rsinfojvsed composite matefiai .according to cisii-n 14 w.^ierssn cornponent (8) 
conl.a!f!.s at -efsst risafnir-odiphsn'ylsuifons. 

S1 . M ep:>Ky resin oompositien for fiber rsinfofosd eamposite materia! according to ciaim 1 4, wiierein, ths cursci prod- 
viof of the spojcy rssin connpositlon obtained by being sursd for two hours at 1 8C=C. bss a fiexurai sTiodaiiJs at SS-^G 
ifithefBngepf3.3-4.SGPa. . 

n. .An eposy rssin composition forfiberreinfofcedeorr^posite mat^ 

iyf -he spoxy resin sornposifion obtained by b^ng pursd ferfvtfe hours at 1.80°C< hag a giass trsfisftloft t&mpsn^tiire 

of17C>'^Cor!7^or&. 

2S, An spoxy rssin composirlGn ror fiber reirsforoed ocn^posite materia! according to eiaim 14 that wi^erein tr-e cuted 
pryduct of tf;& epyxy resin composition, obtained, by being cured for twc hctirs at ias°G, aas a tensiio eiongaiicn 
of4%Qrm8r8. 

24. Afi spoxy resin oornsosition for ffeer.reirifofced.earnp^^^ that after beino iettfo 

stand for one hour St BO"C, has a viscosity that is fou^ , 

SS. AnspDsy resin cQfnpssitl55n;<?r;flber?^info^^ 

of ;t!e epoxy rssin Gomppsitlen obtaliiisd by being: oarad iotMo hputs at 1 SO'Qj isas a giass iransif ion tSfT^aersttirg 
of -iacC Of more. 
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2S, An spoxy resir! cofripositson for fibsr reinforGed coftposits rriateria! that eorstains at isast the toffewiog ccmponerits 
(7) and (8) : 

(7) a poiygiycidyl ether o: pni&no! ajaSKj,'! resin as r&^resshted by {h« ftJiiowing exprsssiofs; 

5 




Vvhere R \ ¥f, P?, and R'' defiols a hydrogsn aiom, an aiky! group having 1-8 carbon at<sms, or a haiogen 
^ ■■atQm, m Is an lntagsr of 1-4; and n is a rsarnurnber of 8 6r tai^sr^^hd !sss than 1, and 

(S) a poiyamirie. 

2?. An epoxy resin composition for fiber rsinforced composits material according to ciaim 28 vvtioreiii the component 
f 8) is5 s iiqysd poi^'amine. 

£8. Ar, sjpoxv' rasin con-fposiJion for flbor roinforced composits materia! accerciing to cialm 26 wherein ihe component 
(S) is an aromatic poiyamine, 

2S. An spoKy fssifs-eompositiof* for fiber- rainfojced composite materiai characterized in that the apoxy resiri compo- 
se sitiSfrtesr!ip%es an sposy taslh afjd aft arorftatlc poiyamfste, h^^ ah 'mtiaiviscoisft^ at SO'C of 1-600 MPa-S: ar^d 
aftijr being ct;f>ad forlwo hours at iB¥Qmd imrn&rim in boiiifig wsjerfor48 iloists, thecuyed pFQdiiCt has a gisss 
trasisijion isn-iperaturs of ISO'^G or more. 

30. An spoxy r$sin cbjnposftionfortibsr r&inforcadccnjposttemateriaS according to ciaim 29^ whersirs ths cured product 
of ins epcjsy resiri cqiT-pasitior! pb-aiiied Py being cures for ty^'o hours aS -iSO-'G: iias a fiexurai rnodisius at B2"C of 
£ J GPss or moi«, altsr beif ig Imrnsii'sed in boiiiog water for 48 hours. 

31 , An epo.xy resin -cosriposition for ribsr roif^torcsd co-nposiiernaienaf accordirsg io ciaim 28, wiiersin tn>3 cured prpdi.sct 
of the 8pox\' rosin compogition has a sheoreSsa! motecLiiar weight between brossiinSdng poin^ in the range g? 

*5 2»!;i-8SS§?rnoi, 

82, Ar^ epow resir- cemposfeiofi for fiber reinforsed composite mstsria! according to ciaim 1 , wherein the epoxy resin 
cm-position is produced by mixing the foiiowing tiso fiquids: 

^ ii(^i:!id (A3): osmpahaht 0) or -e^s^rmt 08) ais spedifieei bslm, liquid (83): a itquid comprising arornstic 

poiyarniria, 

corripofieot (9): aitessUr! epoxy seisctsd fromtne group of N,N,N\N'-tetegi 

arse, ana iss aiKyi-si-sPssiialoci cierivs^iVaa, anil' 

component (tO): at isast an epoxy seisctsd f rorr? the group of i^i,f^-digiycidyi aniiins, and iis aikyi-ssjbstiiuied 
-5? dsrjvatives. 

33, An spoxy rssirs ccmpasition for fibsf reintorcsd composite mateliai according to ciaim 32, wherein ifse spoxy resin 
cor?^P5Si?j&n r^ss so initial ^?iscD!5lty at 

^ S4, An epGxy resin compositiorvforfiiser reinlorsed sornposite rnai^^ia! accofdihg to ciaim 32, wl-ierain the coniponoriis 
(gjand (to) ascouht for g8'MM% and 1Q-3S 

SB. A produciion n-s^hod for fiber ssiniorced composite materia! tiiat comprises impregnating reinforcing fiber wiih ac: 
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spDxy rssin composSllDn 03'dairn 1 , foHowed by hesllng for curing. 

3S, A srg;3uct!c:n.jTis!.hod for iiser rsirstcrcsd: cofT^posiie rristeriai according te clain 3S that comprisss impregnatifsg 
rsinfQfdng flb&r Vrfith an spoxy resin eorriposition of ciam 1 a* 40-9G°C, pr«curin§ it at SO-'s 40*C, and a^s'curirig 
5 it&t 1?0-180''C. 

37. A liber rsinforcsd somposite matsria! cornprising s cured product of an spoxy rssih composiiisn or claim 1 , and 
reiflfsrcing fiber. 

T-5 38, A fiber reinforcsd co.>Tiposits rnatsnai According to daim S7 whersin reinforcing fiber accoums for 50-S0% by vo^~ 
unss, 

39. .A prc;iL;;:t!or. metJiod for fiber resnforoad composite materiai tilaf cornprisss imprsgnating rainfoming fiber with an 
spoxy fssin eomposiiiof? of daim 1 4^ foiiovvsd by heating for cuilng. 

40- A production -iistiiod tor fiber reintoi'csd conposita matsriss 8cC'::rding to ciairr; 3S ti^at cornpfisss irE-ipregnalirig 
reinforcing fibsr witi"; an spoxy resij-: compositkin ol daim 14 aS 40-S0"C, procuring il &l 80-1 4Q°G, ar.d Bits-mumg 

'25 41, A fiber rsinforcsd cornpossts materia! coniprisiiig a cured product of an epoxy resin cotrsposition 0I ciairrs 14. atid 
reiflfordng fiber, 

42. A ilbfir roiiiforcad sojTip<;sit8 maioriai according Is dmm 41 whsrsin reinforcing fibsr accounts for 60-B6% by voi- 
tims. 

43. A production mstiiod for fibsr rsinforcsd composite n^ateriai characterized in that the pfodoction n-setfjod cofrs- 
prises impregnating rainfbrcins fiber with an spoxy rssih composition of claim 29, foiiowed fcy hsaSng for curing. 

44. A prodiiciion rnsiixi^s tor tib-sr rsirssos i;:sd coniposiie n^aieriai according io cieim 43, wfisrein Ihs production method 
50 coniphsss i!r?pre0nati,iig rainfcrcing fil^ar with an epoxy resin cornposftiofi of eiairn 2S at 40-90*C, procLi.fing it at 

80-1 40*C, arsd affercurin§ it at 1 70-1 90°C. 

45, Rissr fgjnforces composite matsria! comprising a cured prodtict of an epsxy rsss,^ compos^ion of ciaim 29, and 
reinfos^cing tibsr . 

46, Fliser r&inforc>3ci csrnppsits ntaisriiti according todaim 45 wherein rsinforcing tifo&r .siccGUfifsfor 5G-B5% by voiyrrie. 

47, .A production mstbod for fiber reirsfciced composite maieriai characterized sn that tiie produclson ."Dethod com- 
p5ises impregnati,s?g reinforcing fiber with an spoxy resin composition of piairri 32, fpiipwed i>y heating for cunng. 

4S, A projiuctio.*! mefsTodfof fit%r re!nforsedcc,ft5p<5sits^f^^^^^ ry'StsTOd 
c-c!riprisii.'£ irnpr-sgnating rssnfcrcifig i^ber Mh an spoxy resin cornposition of claim 32 at 40-§0''C, p.'ecuring it at 
aO-1 40''C; arsd j^isrjjurirrvg s si 1 70-1 9Q°^ 

-^'S 49. .A ?lb>3r rsinfarcad csimpssit&irnatsiiai b^Si?;ii"ilki|5 a suiBcS prodijfei of an ^pdsy resin composition of ciaim 32, and 

ncir^forcing fibsr. 

SO, A fiber reinfofcsd cc,mposfte fnat-eriai ascardihg tc daint AS wherein rsMPrcing fiber .^iccoiintsi for 50-8S% by voi- 

$0 
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I "ibis M«;;^9£sl sssrdi js^stiiss aot feces esisblis^ed sa i'es^pesit tsf eerMs dste ssnder Ar^'« 1 7{3)(8) S5s^ Sje ioiiSsjjsg r^S>sis; ; 

I ■ ■ 
1 1. Q CiKssHsNoa.; 



§3. Q aassssh'os.: 

bassssss si»5' ssss iSsjwsiidsBt eissKs ssid are rsot drssaao in isccf;ri5ance witi; fea smssd safs Lnlrd sesjSsacss cx Sssle 6,-?<3V 



I 1) CisissS! 1-13, 32-3$, 47~5& relats to s conspositic-n cosnprisisjg 

I 25 CXaiias 14-25, 3§~42 reiata to s cosnuositlon, ccjcprising coiijstittisnts 

I (4) to (6) V 

I 3) Cisaiass 2S-S;8 relate to a cojsposition comprislKg cojsst.i t.«<sats {7) to 

I 4) Claims 2S:--3if 43-46 relate to a coispasition which coxspx-ises an epojrsr 

§ resin aad^ sr arosiatic poivaalne, exijifcits an inltisX ^i-iscositv of 1 

I to 500 ta^a/s at SO °C, cari give, by curing at ISO "C Sor 1 hoiirsj a 

§ (continued to ^jitra shest) 

I C3 ^'^ ais ;Kara«»fjk daiass a»<;^v5 b« searched wi&Jut s&rl J iiSB^ijE® 8s addiStjajsl lets, ffij? AiUtoiSyctd not ssi site jsayiJsersS 
I 
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cured rasin ex^.i^Jl cing a glass tra-isilicn t«nK>8rstuxs of 130 ^^C or abcic^^ 
sss dsteiiaxried after 48-ho«r iSEaersior* ir* bci-liag water. 



